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Acronyms and Abbreviations
a.s.l. above sea level
CO2 carbon dioxide
ppm parts per million
C carbon 
TOC total organic carbon 
SOC soil organic carbon
SOM soil organic matter 
POM particulate organic matter (organic matter of the size of >53 µm)
intra-POM POM material contained within an aggregate (Degryze et al., 2004, 
p.1120)
free light POM POM not contained in a soil aggregate having a density <1.85 g/cm³ 
(Degryze et al., 2004, p.1120)
mineral-associated OM carbon associated with the silt and clay fraction (<53 µm)
LF light fraction 
Pg Petagramm, 1 Pg = 1015g = 1 billion ton 
Gt Gigaton 1 Gt = 109 ton = 1 billion ton
Mg Megagramm, 1 Mg = 1 million gramm = 1 ton
Tg Teragramm, 1 Tg = 1012g = 1 million ton
µm micrometer = 0.001 mm 
eBod elektronische Bodenkarte (electronic soil map of Austria, provided by 
BFW and BMLFUW (http://bfw.ac.at/rz/bfwcms.web?dok=7066)  
NPP net primary production 
CT conventional tillage
NT no tillage 
CCS carbon capture and sequestration 
BD bulk density
NPK agricultural fertilizer consists of three basic nutrients plants need to 
grow: nitrogen (N), phosphorus (P), and potassium (potash) (K) (cf. 
Rasool et al., 2008) 
RMP Recommended Management Practices
Executive summary
Atmospheric  CO2 has risen by approximately 100 ppm over the last 250 years, with an average 
annual increase of 1.4 ppm/year from 1960 to 2005 (cf. IPCC, 2007a). Apart from the enormous 
usage of fossil fuels, land use changes (e.g. conversion from natural to agricultural ecosystems 
and deforestation) have a great impact on anthropogenic  CO2  emissions. Within the 21st century 
renewable energy needs to become the prominent energy source. Further, severe land use change 
may have a significant  influence on emissions.  Hence,  focusing on natural  vegetation, organic 
farming, reforestation and lowering the use of tillage and fertilizers may play a key role in reducing 
CO2  emissions. Even more, through organic farming and specific land use management carbon 
can be (re)stored in soil. Since many soils of the world are exploited, there is a high potential in 
capturing  CO2  emissions via carbon storage. According to Lal (2004) it may be possible to store 
about 0.9 ±0.3 Pg C/year globally over the next 50 years. Still, these data may not sound as being 
the solution in saving the world's climate. However, it may be and, in the authors' opinion, should 
be an important factor and chance to use when tackling climate change. While reducing fossil fuel 
use and changing to renewable energy and more energy efficiency, the soils of the world may play 
a significant role in CO2 capturing.
Zusammenfassung
Seit der Industrialisierung ist die CO2-Konzentration in der Atmosphäre um ca. 36 % gestiegen (vgl. 
IPCC, 2007b). Hauptverantwortlich für die anthropogenen CO2-Emissionen sind der Verbrauch von 
fossiler Energie und Landnutzungsänderungen. Zu diesen Änderungen zählen u.a. der Umbruch 
von natürlichen Ökosystemen zu Agri-ökosystemen und die Rodung von Wäldern (vgl. Rosenberg 
et  al.,  2001).  Das 21.  Jahrhundert  stellt  eine besondere Herausforderung im Hinblick  auf  den 
globalen  Wandel  und  damit  auch  den  Klimawandel  dar.  Viele  Böden  der  Erde  sind  durch 
Übernutzung  ausgebeutet  und  haben  somit  ein  großes  Potential,  durch  gezielten 
Kohlenstoffaufbau  CO2  aus  der  Atmosphäre  zu  speichern  und  dabei  wieder  ihr  natürliches 
Gleichgewicht zu erreichen. Laut Lal (2004) bietet die globale Kohlenstoffspeicherung im Boden 
ein Potential von 0.9 ±0.3 Pg/C pro Jahr. Schulz et al. (2008) unterstreicht jedoch, dass in einer 10-
Jahres-Studie  mit  geringer  Bodenbearbeitung  keine  signifikante  Humusakkumulation  zu 
beobachten  ist.  Pro  und  Contra  der  ökologischen  Landwirtschaft  in  Bezug  auf 
Kohlenstoffspeicherung stehen in den letzten Jahrzehnten häufig im Mittelpunkt der Diskussionen 
rund  um  den  Klimawandel.  Dabei  wird  einerseits  der  Standpunkt  vertreten,  durch  geringe 
Bodenbearbeitung  und  ökologische  Landwirtschaft  den  Boden  zu  schützen  und 
Humusakkumulation zu fördern. Andererseits gibt es Studien, die nur wenig Unterschied zwischen 
konventioneller  und biologischer  Landwirtschaft  und der  potentiellen  CO2-Speicherung aus der 
Atmosphäre  sehen.  Die  Wissenschaft  stimmt  überein,  dass  es  Möglichkeiten  gibt,  die 
Kohlenstoffspeicherung in den Böden voranzutreiben. Über die Bedeutsamkeit und Wirksamkeit 
gibt  es  verschiedene  Untersuchungen  und  Resultate,  die  in  dieser  Diplomarbeit  genauer 
beobachtet werden sollen. Wird das Potential zur Kohlendioxidspeicherung ausgeschöpft, ist zwar 
der  Klimawandel  laut  einigen  Experten  (siehe  Lal  (2004)  und  Rosenberg  et  al.  (2001))  nicht 
gestoppt, doch kann ein wertvoller Beitrag für Klima und Böden geleistet werden. Vor allem in der 
Zeit, in der man von fossiler Energie auf erneuerbare Energie umsteigt und in den Industriestaaten 
den Energieverbrauch drastisch senkt, kann der gezielte Kohlenstoffaufbau im Boden einen Teil 
einnehmen. Bei kritischerer Betrachtung wird der Boden zumindest durch den Kohlenstoffaufbau 
geschützt und können viele Böden ihr natürliches Gleichgewicht wieder herstellen. Schon alleine 
deshalb  ist  es  es  wert,  aktive  Humusakkumulation  zu  unterstützen.  Auch  wenn  die 
Kohlenstoffspeicherung  nur  einen  Teil  von  vielen  in  der  Bekämpfung  des  Klimawandels 
ausmachen kann, finde ich, dass man diese Chance nutzen soll.  In der Phase, in der wir uns 
befinden,  sollte  man  nicht  darüber  diskutieren,  ob  eine  Maßnahme  viel  bringt,  sondern  alle 
Möglichkeiten, die auch nur einen kleinen Beitrag leisten, in Betracht ziehen und verwirklichen. So 
könnten wir einen Temperaturanstieg von 2°C gegenüber der vorindustriellen Ära verhindern.  
1. Introduction
Since the industrial era CO2 concentration has risen uniquely (IPCC, 2007a). Hence, the rate of 
change in CO2 concentration has increased dramatically within the last one and a half century. 
According to the  Intergovernmental Panel on Climate Change (IPCC) global CO2  concentration 
was relatively stable and increases in CO2 remained at 30 ppm per 1,000 years. However, for the 
first time CO2 concentration has risen 30 ppm within the last 17 years (IPCC, 2007b). According to 
Lal (2004) fossil fuel combustion and land use change are responsible for an increase of 31 % of 
atmospheric  CO2 since  1750.  Similarly,  Rosenberg  et  al.  (2001)  state  a  ~32  %  increase  of 
atmospheric CO2 since the industrial revolution, hence a change from 228 ppm to about 370 ppm 
today (2001). Since the industrial revolution 270 ± 30 Pg of global C emissions refer to fossil fuel 
combustion and cement production whereas 136 ±55 Pg of global C emissions occur due to land 
use  change  and  soil  cultivation  (cf.  Lal,  2004).  Land  use  change  emissions  include  tropical 
deforestation,  biomass  burning,  conversion  of  natural  to  agricultural  ecosystems,  drainage  of 
wetlands, ploughing and soil cultivation (cf. Lal, 2004). Consequently, 78 ±12 Pg of C contribute to 
the atmosphere because of decrease of soil organic carbon (SOC) (cf. Lal, 2004). At the beginning 
of 2011 the atmospheric CO2 concentration contributed to 391 ppm and in May 2011 to 394.16 
ppm1.   
   Fig. 1. Monthly mean atmospheric CO2 at Mauna Loa Observatory
    (NOAA: http://www.esrl.noaa.gov/gmd/ccgg/trends/mlo.html)
1 http://www.esrl.noaa.gov/gmd/ccgg/trends/  
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Fig. 1. shows the monthly mean atmospheric carbon dioxide concentration from 1958 on. The read 
curve shows the carbon dioxide data, the black curve the seasonally corrected data. Due to the 
unique increase of CO2  concentration, the IPCC undertakes scientific and technical assessment 
and provides regular reports on the state of knowledge on climate change2. Furthermore, three 
working groups were established to focus on physical science basis, work on impacts, adaptation 
and  vulnerability  and  mitigation  of  climate  change  -  in  order  to  demonstrate  climate  change 
scenarios. Worldwide scientists are dealing with these scenarios and try to induce measurements 
and able solutions and their plausible consequences when fighting climate change. Thus, climate 
change is seen as the biggest challenge of mankind. While scientists work on climate change since 
decades recently prominent persons e.g., Prince Charles3 or Leonardo Dí Caprio4 try to make a 
contribution to combat climate change. Even more, organic farmers focus on CO2 sequestration in 
soil on a regional basis. The ecoregion Kaindorf in Steiermark, e.g., was built up in 2007 and tries 
to become a CO2  neutral region, inter alia with specific humus accumulation5. However, Svante 
Arrhenius, Sweden's first  nobelprize winner in 19036,  is  considered to have been the first  one 
talking  about  climate  change  in  the  late  19th century.  He  calculated  that  doubling  the  CO2 
concentration could lead to a temperature increase of 5 to 6 °C.7 
Certainly,  climate  change affects  the  whole  world  and direct  planning and  measurements  are 
strongly recommended in order to avoid CO2 concentration rising more than 2 degrees Celsius (°C) 
above pre-industrial  level.  The 2°C limit  was firmly fixed by the G8 (Group of  Eight)  in  2009, 
although it  has  a  longer  scientific  history and was  adopted by the European Union in  19968. 
Nevertheless,  the  2°C goal  was  declared in  the  so called  Copenhagen Accord  within  the UN 
climate conference in Copenhagen in 20099. However, the IPCC warns that even 2°C above pre-
industrial level is likely to bring serious impacts10.  
Further, climate change induced by humankind is believed to have a great impact on the global 
carbon cycle (Friedlingstein, 2003, p. 692) and further, through the close linkage on the nitrogen 
cycle (cf. Kirschbaum, 2000).  Friedlingstein (2003, p.698) found in his study that global warming 
likely reduces the ability of the carbon cycle to store anthropogenic CO2. 
2 http://www.ipcc.ch/publications_and_data/publications_and_data.shtml   
3 http://www.rainforestsos.org/   
4 http://www.leonardodicaprio.org/   
5 http://www.oekoregion-kaindorf.at/cms/index.php   
6 http://nobelprize.org/nobel_prizes/chemistry/laureates/1903/arrhenius-bio.html   
7 http://www.guardian.co.uk/environment/2005/jun/30/climatechange.climatechangeenvironment2   
8 http://www.yaleclimatemediaforum.org/2009/08/g8s-2-degrees-goal/    and http://www.reuters.com/article/2009/07/08/us-g8-summit-
climate-factbox-sb-idUSTRE56741A20090708 
9 http://unfccc.int/resource/docs/2009/cop15/eng/l07.pdf   
10 http://www.ipcc.ch/pdf/presentations/pre-cop-warsaw-2-10-2008/pres-warsaw%20-botagaj-2.pdf   
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Generally, changes in soil organic carbon are slow due to the permanent interaction between SOM 
decomposition,  nitrogen cycle  and net  primary production  (cf.  Friedlingstein,  2000).  Increasing 
temperatures may enhance decomposition and hence, release soil  carbon (cf.  Anderson et al., 
2009).  Thus,  increasing temperatures  may lead to a  net  loss  of  carbon while  increasing  CO2 
concentration may enhance net primary production. Hence, extra carbon may induce an increase 
in total carbon accumulation (cf. Friedlingstein, 2000).  The effects of temperature and CO2 may 
have a significant impact in future. The trends of increasing SOC in warm regions and declining 
SOC in cool regions may intensify over the next century (cf. Kirschbaum, 2000). Batjes (1996) 
constitutes that in relation with the predicted global warming an acceleration of decomposition of 
SOM may be expected. At an overall rate this could contribute to 11 to 24 Pg of carbon per °C of 
warming.  However,  Kirschbaum (2000)  describes  in  his  study consequences of  a temperature 
increase by 1 °C. In general, an initial loss of carbon of 60 kg/ha may be released over the first  
year (cf. Kirschbaum, 2000). Still, that loss rate may rapidly decline to a lower rate of about 2 to 3 
kg C per hectare and year (cf. Kirschbaum, 2000). 
Indeed, one possible way of slowing the rising CO2 concentration is to build SOC reserves (cf. 
Carter et al., 2006). However, plausible measuring of changes in SOC requires a period of years or 
even decades (Post et al., 2001). Due to the fact that SOC is inherently variable, it is crucial to 
distinguish  between  temporal  changes  (e.g.,  environmental  shifts,  successional  change, 
management practices) and spatial ones such as long-term geomorphological processes or non-
uniform management (cf. Carter et al., 2006). Organic carbon accumulation is a long term process 
and  hence,  SOC  accumulation  in  newly  formed  soils  may  tend  to  be  slow.  According  to 
Kirschbaum (2000, p.40) a maximum accumulation rate of 100 kg SOC ha/year may be expected 
in these soils, being colonized after deglaciation, dune stabilization or vulcanic eruptions, ranging 
from 1,000 to 10,000 years. The adoption of recommended management practices, that is inter alia 
crop rotation, no tillage and mulch farming, has a potential of a global carbon sequestration of 0.9 ± 
0.3 Pg C/year. Since the annual increase in atmospheric  CO2  accounts for approximately 3.3 Pg 
C/year, one-fourth to one-third of that increase may be offset by carbon sequestration. Within a 
period over the next 25 – 50 years 30 – 60 Pg C could be potentially sequestered (cf. Lal, 2004).  
.
In  summary,  climate  change  implicates  scientific  illustrations  and  sustainable  measurements. 
However, within climate change different greenhouse gases like methane and nitrous oxide have to 
be  considered.  While  methane  (CH4)  is  23  times  the  concentration  of  CO2 it  accounts  for 
approximately  20  %  of  anthropogenic  greenhouse  emissions11 whereas  CO2 is  believed  to 
11 http://www.greenpeace.at/klimawandel-methan.html?&0=&type=98   
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contribute to almost 60 %.12 Actually, CO2 is currently increasing at a rate of 3.3 Pg C/year while 
CH4 is increasing at the rate of 7 ppb/year and concentration has increased from 700 to 1745 ppb 
between 1750 and 1999 (cf. Lal, 2004). Approximately the same increase rate of atmospheric CO2 
(namely 3.4 Pg C/year) is stated in Rosenberg et al. (2001). Further greenhouse gases are nitrous 
oxide (N2O) and water vapour, whereat N2O is 289 times more effective as a greenhouse gas than 
CO2 is13 and contributes to approximately 6 % of anthropogenic greenhouse gas emissions.14 In 
fact,  the  concentration  of  atmospheric  N2O increases  at  a  rate  of  0.8  ppb/year,  that  is  from 
approximately 270 ppb in 1750 to 314 ppb (cf.  Lal,  2004). Indeed,  water vapour is  the  most 
important natural greenhouse gas. Occasionally, through human impact additional water vapour 
cannot attain into the atmosphere, but climate change can be even more intensified since warmer 
air can absorb more humidity.15 
Thus, different greenhouse gases may play a role in future climate change. Still, within this diploma 
thesis  the  focus  will  be  on  CO2.  Actually,  carbon  uptake  from  the  atmosphere  through  SOC 
sequestration and vice versa, carbon release to the atmosphere, may have a significant impact 
when combating climate change in the first half of the 21st century (see chapter 1.5.2.). At least, as 
Lal (2004, p.18) states, SOC sequestration may be an important bridge to the future. 
1.2. Objectives of the study
This diploma thesis will focus on CO2 concentration and the interference of carbon cycle and SOC 
sequestration and vice versa. The main objective of this thesis is to analyse SOC sequestration on 
a regional basis and compare these data.  According to history background of the parcels and 
agricultural  management  differences in  laboratory results  will  be  cited.  Further,  current  carbon 
content of the study area will be cited and thus, actual CO2 content within the studied parcels can 
be calculated.  Moreover,  a  vague estimation about  Austria's  potential  on  carbon storage,  and 
hence CO2 sequestration, may be done. 
Indeed, the focus of the study will be on possible humus accumulation within conventional farming. 
According  to  these  accumulations  sensible  evaluations  on  CO2  capture  can  be  conducted.  In 
addition, the results or possibilities of SOC sequestration on a regional basis will be thoroughly 
compared  with  other  studies,  mainly  international  studies.  However,  differences  in  SOC 
sequestration will occur between conventional and biological farming as well as in different climatic 
12 http://ec.europa.eu/clima/sites/campaign/pdf/gases_de.pdf   
13  http://www.greenpeace.at/klimawandel-OLD.Ge.html 
14  http://ec.europa.eu/clima/sites/campaign/pdf/OLD.Ges_de.pdf 
15  http://ec.europa.eu/clima/sites/campaign/pdf/OLD.Ges_de.pdf 
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zones. Generally, land use conversion infers change in carbon content (cf. Chen et al., 2009 and 
Degryze et al.,  2004). Actually,  natural vegetation tends to store greater amounts of SOC than 
agricultural  management  systems (cf.  Chen et  al.,  2009 and Degryze et  al.,  2004).  Land-use 
change typically infers a disturbance of an existing equilibrium within the soil (cf. Martens et al., 
2003). Overall, grassland shows higher SOC contents than cropland does (cf. Degryze et al., 2004, 
Chen et al., 2009 and Martens et al., 2003). Many studies describe forests to have a higher SOC 
content than grassland. On the contrary, Guo et al. (2002) found higher SOC amounts in grassland 
than in  forest  due to a high root  production that  may be the reason for  SOC accumulation in 
grassland.  However,  differences  occur  within  studies  comparing  SOC contents  of  forests  and 
grassland. 
Furthermore, SOM and humus correlate severely but still, they are not equal. However, humus 
accounts for the major part of soil organic matter  (cf. Stahr et al., 2008, chap. 2.6.). Still, many 
studies do not specifically differ between humus and SOM (e.g. Schulz et al., 2008) while others do 
(e.g. ÖNORM L1061-2, Blum, 2007). Hence, it is not always visible whether humus is treated as 
SOM  or  not.  Still,  in  this  diploma  thesis,  the  difference  between  humus  and  SOM  will  be 
considered. Further, interpretation will focus on soil organic matter and soil organic carbon rather 
than on humus. 
Moreover, organic carbon and organic matter tend to be described as amount per area. However, 
according to Jones (2006) essential parameters for converting OC to OM en vice versa are depth 
of measurement and soil bulk density. Still, numerous studies do not describe at which depth the 
soil samples were taken. As a matter of fact, I agree with Jones (2006) that these parameters are 
obligatory in order to be able to discuss soil properties. Moreover, OC varies a lot within depth (see 
chapter 3.7.). Within this diploma thesis all soil samples are taken at a depth of 20 cm, except the 
soil profiles of the parcels. 
Taken together, SOC pools can be restored and enhanced by several management practices (see 
chapter 5.). The SOC sink capacity is crucial in the current climate change debate. The objective of 
the study is to describe the potential  of  SOC to offset the atmospheric CO2.  While comparing 
international studies, the focus will concentrate on the study area of this diploma thesis and the 
able SOC sequestration within conventional farming.   
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1.3. Issues for research
Actually, within this study potentials of carbon sequestration are observed in order to counteract 
increasing CO2  emissions.  The soils of the world do have the contingency to store carbon and 
hence,  capture CO2 from the atmosphere. Gleixner et al.  (2009, p.  260)  describe old and old-
growth forests to likely play a key role in carbon sequestration. Within this study the central issue 
for research are the prospects of carbon sequestration in soil due to specific humus accumulation. 
In consideration of  different soil  types,  pH-value and bulk density,  present  carbon storage and 
potential  accumulation  are  of  special  interest.  With  regard  to  the  current  discussion  about 
advantages and disadvantages of organic and conventional farming, data result from a study of 
conventional farming. Actually, discussions occur worldwide whether carbon sequestration may be 
an important factor in capturing CO2 emissions. Indeed, this study aims to analyse the options of 
carbon sequestration in a specific region in Upper Austria. The different humus contents in forest, 
grassland and field should be reviewed intensively. Moreover, possible management solutions in 
order to increase soil carbon and hence, capture more CO2 from the atmosphere, should be part of 
the discussion as well as a comparison with other carbon sequestration studies and their results. 
Furthermore the impacts on the fields due to soil processing and hence, the reduction of terrestrial 
carbon should be discussed thoroughly. Even more, this study tries to give an answer whether 
carbon sequestration may play an important role in the climate change debate on a regional basis.
 
1.4. Definitions
1.4.1. The carbon cycle
The global carbon cycle consists of the maritime and terrestrial  cycle, closely and dynamically 
connected via the atmosphere. The amount of carbon dioxide in the atmosphere contributes to 750 
* 1012 kg (750 Pg) (Gisi, 1997, chap. 3.11.). Annually, the terrestrial surface absorbs approximately 
110 * 1012 kg (110 Pg) carbon dioxide, primarily through the assimilation of plants (Gisi, 1997, chap. 
3.11). Further, approximately 50 * 1012 kg (50 Pg) returns to the atmosphere due to the respiration 
of living organisms (Gisi, 1997, chap. 3.11.). The rest occurs through microbial decomposition of 
organic  necromass. Hence, the annual exchange between atmosphere and land surface causes 
circa 15 % of the amount of the total carbon dioxide in the atmosphere (cf. Gisi, 1997). Moreover, 
this  amount  is  equal  with  the  annual  exchange  between  sea  surface  and  atmosphere.  In 
Rosenberg  et  al.  (2001)  approximately  9.4  Pg  C/year  are  considered  to  be  released  to  the 
atmosphere via fossil fuel combustion, land use change and tropical deforestation whereat ~ 2 Pg 
C/year are likely to be absorbed by regrowing forests in temperate regions and oceans. However, 
1.7 Pg C/year are described as the so called missing carbon, that is assumed to escape to the 
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terrestrial biosphere especially in the Northern Hemisphere. According to Rosenberg et al. (2001) 
and  Lal  (2004)  approximately  3.4  Pg  C/year  and  3.3  Pg  C/year,  respectively,  remain  in  the 
atmosphere. 
1.4.2. The terrestrial carbon cycle
Within the carbon cycle soil is considered to be of high importance concerning source, sink as well 
as chemical and biological reactor (cf. Gisi, 1997). In short, carbon is assimilated through the green 
parts  of  the plants,  and can be  transferred into the soil  via  the roots.  Furthermore,  carbon is 
returning from the soil to the atmosphere as soil respiration, whereas the major part contributes to 
microbial processes in form of CO2 (Gisi,  1997, chap. 3.11.).  The total turnover rate of carbon 
dioxide  varies  significantly  within  climatic  zones  and  vegetation  types.  Indeed,  the  amount  of 
humus ranges widely within different soil types. The retention time of carbon in soil varies between 
hours and thousands of years (Gisi, 1997, chap. 3.11). However, the humic substances as the 
remaining part are particularly resistant regarding further decomposition and remain in the soil for 
hundreds or thousands of years (cf. Gisi, 1997). On the contrary, within agricultural management 
soil decomposition exceeds regeneration multiply (see chapter 1.5.3.). Hence, in an undisturbed 
soil  humus accumulation and humus decomposition stay in  an equilibrium whereat  agricultural 
management may disturb that steady state.  
1.4.3. CO2 concentration in the atmosphere
Through human impact carbon dioxide  attains to the atmosphere16 (cf. Lal, 2004). As shown in 
chapter 1. the atmospheric CO2 concentration has risen drastically since industrialization (cf. IPCC, 
2007b). While the natural content of CO2 in the atmosphere contributes to 760 Pg, the annual 
increase  of  CO2 is  estimated  to  account  for  3.3  Pg  C/year  (cf.  Lal,  2004).  However,  through 
recommended management practices (RMPs) a global annual sequestration of 0.9 ± 0.3 Pg of 
carbon may be achievable (cf. Lal, 2004). Hence, one-fourth to one-third of the annual atmospheric 
CO2 increase could be offset through C sequestration (cf. Lal, 2004). Still, according to Lal (2004) 
average  global  surface  temperature  has  increased  due  to  anthropogenic  enrichment  of 
greenhouse gases in the atmosphere. In fact, since the 19 th century the average global surface 
temperature has risen by 0.6 °C with the current warming rate of 0.17 °C per decade (Lal, 2004, 
p.2). The observed rate on temperature increase exceeds the critical rate of 0.1 °C/decade (Lal, 
2004,  p.2)  and  necessitates  multiple  actions  to  counteract  this  trend.  Therefore,  Lal  (2004) 
describes the current rate of temperature increase as not adjustable for the ecosystems. Further, 
Rosenberg et al. (2001) state that alternatives for fossil fuel need to be found to satisfy the growing 
energy demand. If not, SOC sequestration might be exhausted after a period of time (see chapter 
16 http://www.ipcc.ch/publications_and_data/ar4/wg1/en/faq-2-1.html   
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5.). Six et al. (2002) claim that the finite capacity of SOC sequestration is probably underestimated 
in many models. Hence, in their study a maximum soil C storage is defined. Furthermore, the C 
saturation  may  depend  on  several  physical  properties  (e.g.  silt  and  clay  content  and 
microaggregation). Moreover, these properties may be limited by their characteristics, that in turn 
confirms a saturation phenomenon (cf. Six et al., 2002). 
1.4.4. Soil Carbon 
In general, there are five principal global carbon (C) pools: the oceanic as the largest pool, followed 
by the geologic, pedologic (soil), biotic and the atmospheric pool (Lal, 2004, p.3). As Lal (2004, p.3) 
describes, these pools are interconnected and C circulates among them. Moreover, the total soil C 
pool is four times the biotic pool and approximately three times the atmospheric pool (Lal, 2004, 
p.3). As a matter of fact, within soils three different forms of carbon are available: a) elemental, b) 
organic  (SOC)  and  c)  inorganic  carbon  (SIC)  (cf.  Schuhmacher,  2002).  The  elemental  form 
includes  charcoal,  coal,  graphite  as  well  as  soot  (Schuhmacher,  2002,  p.1).  According  to 
Schuhmacher  (2002,  p.2)  inorganic  carbon  derives  from  geologic  or  soil  parent  material  and 
according to Jones (2006) from weathered rock particles and minerals. Further, the typical form of 
inorganic carbon found in soils is carbonate. Indeed, calcite and dolomite as the most common 
carbonates  are  particularly  found  in  soils  or  sediments  (Schuhmacher,  2002,  p.2,  and Batjes, 
1996). Acid or strongly weathered soils, however, may not contain calcium carbonate (CaCO3) and 
dolomite (MgCO3) due to dissolution of the carbonates from the parent material (cf. Batjes, 1996). 
According to Lal (2004, p.3) SIC is important in soils of dry regions. Moreover, carbonate carbon is 
estimated to amount for 695 – 748 Pg in the upper 100 cm of the world's soils (cf. Batjes, 1996). 
However, parent material is assumed to be an important factor in carbon storage. According to 
Baritz et al. (2010) calcareous soils may store significantly higher amounts of carbon than soils 
from  non-calcareous  parent  material.  Moreover,  they  underline  that  fact  since  forest  soils  in 
southern Europe and in the Alps, where calcareous parent material is mostly substantial, store one 
of the highest carbon concentrations in Europe. Organic carbon derives from plants and animals 
and varies between freshly deposit litter and decomposed humus (cf. Schuhmacher, 2002). Baritz 
et al. (2010) describe litter to represent 70-80 % of the total SOC source. Subsequently, Jones 
(2006) describes organic carbon as developed from insects and microbes. As a result, TOC is 
considered to be the sum of organic carbon and inorganic carbon. Still, when soils lack inorganic 
carbon forms, the equation becomes the following:
TOC = OC (Schuhmacher, 2002, p.3).
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According to this equation the results of TOC and SOC within this study may be equal due to the 
lack of calcium carbonate in the study area (see chapter 4.).
In  general,  calculations of  global  carbon contents in  the world's  soil  are still  difficult  due to a 
number of facts. First of all, there is still limited knowledge about the different kinds of soil and 
limited availability and reliability of these soils' data. Second, there is still uncertainty about the 
spatial variation and bulk density as well as the decisive effects of climate, relief, parent material,  
vegetation and land use (cf. Batjes, 1996). However, Batjes'  (1996) estimation for TOC on the 
entire land area of the world contributes to 2157 – 2293 Pg in the upper 100 cm, excluding carbon 
held in litter layer and charcoal. Post et al. (2000) distinguish between light fraction organic carbon 
(LF-OC) and clay or silt sized organomineral complexes (HF-OC). In the latter one the majority of 
SOC is found. The LF fraction is not interconnected with mineral matter but still, partially remaining 
from  plants  and  animals,  it  may  be  biologically  resistant  (e.g.  charcoal).  Thick  LF-OC 
accumulations  may  occur  in  boreal  and  tundra  ecosystems  due  to  low  temperatures  that 
decelerate decomposition. Indeed, LF is a highly decomposable material with seasonal fluctuations 
and spatial variation, and its turnover rate is crucial depending on cropping and tillage (cf. Post et 
al., 2000). On the contrary, HF-OC appears when SOC is transformed by bacteria and stabilized in 
clay  or  silt  sized organomineral  complexes (Post  et  al.,  2000,  p.2).  Indeed,  the  highest  SOC 
concentrations are associated with mineral particles smaller than 5 µm (cf. Post et al., 2000). Silt-
SOC is considered to be more stable than clay-SOC since clay sized organomineral complexes 
may decline accumulation rates more rapidly. Subsequently, they can show greater accumulation 
than silt sized particles do (cf. Post et al., 2000). Moreover, Post et al. (2000) assess the turnover 
time of  passive (old or  stable)  SOC to be 1,500 to 3,500 years or  even longer.  Further,  they 
describe a slow increase rate of C even after thousands of years, whereat the accumulation refers 
to passive SOC fractions (e.g. charcoal and resistant compounds in organomineral complexes). 
Over  all  ecosystems,  a  long  term average  accumulation  rate  contributes  to  2.4  g  C m²/year, 
although within a forest it may account for more than 10 g C m²/year (cf. Post et al., 2000). 
Nonetheless, large amounts of organic carbon stored in the soil are found between 100 and 200 
cm and are not yet considered in the global C-budget. However, much of the OC is kept fairly 
stable in the soil and will not contribute much to the current greenhouse gas emissions (cf. Batjes, 
1996).  Indeed,  C  sequestration  by  afforestation  and  permanent  grass  vegetation,  associating 
above-ground  biomass  increase,  are  the  only  land-use  managements  adopted  by  the  Kyoto 
Protocol 1997 to change global C-budgets (Martens et al., 2003, p.65). 
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The C/N ratio is considered to be an appropriate indicator for quality and decomposition of soil  
organic matter. On a global scale, C/N ratios17 within FAO-UNESCO soil units18 vary between 9.9 
for Yermosols and 29.8 within Anmoors (Batjes, 1996). According to Degryze et al. (2004) forests 
imply higher C/N ratios than agricultural systems. Generally, there is a decline within depth, that 
can be explained due to the more developed decomposition and older age of humus stored in 
deeper layers of the soil (cf. Batjes, 1996). Moreover, Martens et al. (2003) describe the consistent 
nature of C/N ratios for SOM to be 10 – 12. Further, they demonstrate that C and N increase in 
forest and pasture may be a factor of N. Since C and N increase in these soils without fertilizer, it 
may be due to conservation of N within soil cycles and possible atmospheric N deposition. In Stahr 
et al. (2008, chap. 4.7.) N rich OM holds a C/N ratio of 6 – 10 while C/N ratios of 25 occur within 
low-nitrogen humic substances. Gisi (1997, chap. 3.11.) describes a C/N ratio of soils between 8 
and 30, while 60 may occur in an extreme example. Generally, Martens et al. (2003) assume that 
decaying  residues  with  high  C/N  ratios  result  in  a  greater  N  content  and  conservation. 
Furthermore,  they  show  that  stabilized  SOC  only  increases  with  a  soil  N  content  increase, 
implicating a strong relationship between C and N. This could be either because a major part of 
SOM is composed of N-rich C compounds or due to the fact that residues of plant material with a 
high C/N ratio remain in the soil  within varies decomposition stages and immobilize soil  N (cf. 
Martens et al., 2003). 
Generally, N occurs in two forms in the soil, either as organic or as mineral nitrogen. According to 
Stahr  et  al.  (2008,  chap.  4.7.)  organic  bound N contributes  to between 90 and 98 %,  hence 
between 3,000 and 20,000 kg per hectare (20 t/ha) while the rest is found as mineral nitrogen in 
form of ammonium (NH4+) or nitrate (NO3-).
1.4.5. Soil organic carbon (SOC) storage
The storage  of  soil  organic  carbon  varies  severely  and  is  dependent  on  climate,  vegetation, 
organic input, ground water level as well as rooting depth and texture (Scheffer & Schachtschabel, 
2002, chap. 3). According to Post et al. (2000) the rate of soil organic carbon and of mineralization 
is  crucial  for  the amount  of  C stored in  the soil.  In  Gleixner  et  al.  (2009,  p.  261)  biologically 
controlled  processes  highly  influence  carbon  storage.  In  turn,  environmental  parameters  like 
oxygen  and water  content,  nutrient  availability,  soil  pH,  and  summer  and  winter  temperatures 
strongly control these processes (Gleixner et al., 2009, p. 261). Biologically controlled processes 
imply transport of plant carbon into mineral soil, followed by its transformation to SOC, and the 
renewed decomposition  of  soil  carbon  (cf.  Gleixner  et  al.,  2009).  Global  estimates  claim  that 
17 http://www.fao.org/fileadmin/templates/nr/images/resources/images/Maps/geonetwork/cn_t.png   
18 http://www.fao.org/ag/agl/agll/wrb/wrbmaps/htm/soilres.htm   
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approximately 1.500 Pg of organic carbon are stored within the first meter of soil depth while circa 
700 Pg C are found within the first  30 cm (Scheffer  & Schachtschabel,  2002,  chap.3).  Batjes 
(1996) confirms that large amounts of organic carbon stored in the soil are found between 100 and 
200 cm. Further, within the upper 30 cm of soil 684 – 724 Pg and within the upper 100 cm 1462 – 
1548  Pg  of  soil  organic  carbon  are  estimated  (cf.  Batjes,  1996). These  estimations  are  well 
conform with Scheffer & Schachtschabels' (2002) data. Further, Kirschbaum (2000) also confirms 
that approximately 1500 Gt carbon (Pg C) are globally found in the top 100 cm of soil. However, 
quantifying global estimates remains difficult since most methods on soil organic carbon do not 
account for resistant C forms such as charcoal (cf. Batjes, 1996). The majority of SOC, however, 
originates  from  plant  residues.  Within  the  process  of  decomposition  plant  debris  becomes 
associated  with  inorganic  soil  particles  and  stabilized  within  soil  organomineral  complexes 
(Martens  et  al.,  2003,  p.  70). These  complexes  are  dominant  in  clay  and  silt-sized  fractions. 
Gleixner et al. (2009, p. 234) describe three main factors deciding on soil carbon formation. That is 
a) the amount, quality and distribution of input material, b) the activity of decomposers and the 
decomposition rate, and c) carbon transport to deeper soil layers. According to Gisi (1997, chap. 
3.11.) a moor can show 100 kg organic carbon per m² at a depth of one meter, while chernozem 
accounts for 40 kg/m² OC on average. Within the temperate zone a cambisol can show 20 and 13 
OC kg/m² within grassland and field, respectively (Gisi, 1997, chap. 3.11). General important on-
site functions of SOC are defined by Lal (2004, p.4)  as inter alia:  a) source and sink of plant 
nutrients such as N, P, S and b) absorbent of water at low moisture sites in order to increase plant 
available water capacity. Further, it is c) a promoter of soil aggregation that improves soil tilth and a 
d) source of strength for soil aggregates leading to reduction in susceptibility to erosion. Moreover, 
SOC plays a significant role in e) buffering against sudden fluctuations in soil reaction (pH) and can 
moderate soil temperature through its effect on soil colour and albedo. As SOC off-site functions 
Lal  (2004,  p.4)  describes  inter  alia  buffering  of  greenhouse  gas  emissions  from  soil  to  the 
atmosphere and filtering pollutants of agricultural chemicals. Hence, decreasing SOC may lead to 
an increase of erodibility of the soil (e.g. erosion) (cf. Lal, 2004). 
In general, a factor of 1.724 is used to convert organic carbon to organic matter (cf. Baritz et al., 
2010 and ÖNORM L 1061-2). Hence, organic carbon contributes to 58.14 % of organic matter (cf. 
Baritz et al., 2010 and Batjes, 1996). However, there is no universal conversion factor, since the 
type  of  organic  matter  varies  within  soils  and  horizons.  Within  recent  soil  science  two  is 
recommended as conversion factor due to the wide range of carbon amount with organic matter 
(cf. Blum, 2007). According to Batjes (1996) the great variation of OM within soils is due to the 
differences in  the nature of  organic  matter  in  soil  depth and vegetation type.  Generally,  many 
studies concentrate on the upper 100 cm of soil when calculating soil organic carbon (cf. Batjes, 
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1996). In contrast, large amounts of soil organic carbon are stored below 100 cm depth in both, 
mineral and organic soils (Batjes, 1996). Since carbon held in deeper layers is relatively stable, its 
contribution  to  greenhouse  gas  emissions  may be  neglected.  Moreover,  it  may be  taken  into 
account within global C-budgets (cf. Batjes, 1996). According to the FAO-UNESCO soil map of the 
world19 (only top soil shown) soil organic carbon in the upper 100 cm varies between 3.1 kg C m2 
within sandy Arenosols and 77.6 g C m2 within Anmoors (cf. Batjes, 1996). According to Batjes 
(1996) the high C amount in Anmoors occurs due to water saturated conditions and low mean 
temperatures. On average, within the upper 100 cm a mineral soil holds 39 – 70 % of SOC in the 
upper 30 cm, and 58 – 81 % in the first 50 cm (cf. Batjes, 1996). Similar estimations are found in 
Baritz et al. (2010), describing approximately 25 % of total SOC  to be stored in the O or A horizon. 
Further, 50 % SOC occur in the mineral soil up to one meter depth and the remaining 25 % are 
stored between one and two meter depth (cf. Baritz et al., 2010). However, Gleixner et al. (2009) 
observe 40 % of organic carbon to be stored in the upper 20 cm of soil and 36 % carbon below 40 
cm. Further, these figures show clearly the susceptibility of topsoils due to deforestation, land use 
change, etc. (see chapter 1.5.3.) while carbon stored below 100 cm depth is assumed to be fairly 
stable.  Generally,  over  long  periods  carbon  storage  varies  due  to  climatic,  geologic  and  soil-
forming factors whereas vegetation,  succession changes or  changes in  land use patterns  are 
responsible for short term variations (cf. Batjes, 1996). Furthermore, SOC is positively influenced 
by soil biota, that is inter alia earthworms, termites, ants and insect larvae through bioturbation (cf. 
Lal,  2004).  Earthworms  and  termites  also  positively  influence  soil  structure  and  enhance 
aggregation (cf. Lal, 2004). The activity of soil animals has significant impacts amongst others on 
soil structure, aeration, nutrient and elemental cycling as well as organic matter pool and fluxes (cf. 
Lal, 2004).    
SOC and aggregate stability
Martens et al. (2003, p.73) define phenolic acids (PAs) as an important factor for C induced soil  
aggregate stability and the formation of SOC-mineral complexes. Further, Degryze et al. (2004) 
conclude that soil aggregates are of high importance for the protection of SOM. While aggregate 
structure regenerates fast after completion of cultivation and cropping, aggregate C recovers only 
slowly. Moreover,  Six et al.  (2004, p.161) describe a significant  connection between aggregate 
stability and clay content and therefore, aggregate stability may increase to a maximum with clay 
content and free Fe-oxides content. In turn, they hypothesize that a maximum microaggregation, 
determined by clay content and type, may protect SOM maximally. In Chen et al.'s (2009) study the 
highest SOC contents are found within the top 20 cm in the area with the highest clay content. 
Moreover, according to Martens et al. (2003) accompanying plant residues in forest and pasture 
19 http://www.fao.org/fileadmin/templates/nr/images/resources/images/Maps/geonetwork/cp_t.png   
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may increase soil aggregation and, collaterally, soil carbon content. Furthermore, Martens et al. 
(2003, p.76) suggest that the majority of SOC (in the upper 30 cm) in undisturbed soil is found as 
plant residue in various stages of decomposition that increases soil aggregation. 
SOC and N
Martens et al. (2003) describe proteins as the majority of plant N within soils whereat proteins of 
the plant C content might contribute up to 20 %. Deposited plant N is considered to consist of 
approximately 95 % of amino acids (AAs). Further the majority of soil organic N is defined as AAs 
or amino sugars (ASs). N has a significant impact within SOC sequestration (cf. Chen et al., 2009). 
Moreover, Martens et al. (2003) claim a strong relationship between AA concentration and total N 
content in forest and pasture soils, but not in cropped soils. A missing relationship between CH 
concentration, OC content, AA concentration and total N content in cropped soils may confirm that 
tillage negatively influences soil C content. Furthermore, organic C retained in soil is described as 
a function  of  the  soil  N content  since SOC cannot  increase without  increasing soil  N content 
(Martens et al., 2003, p.76). 
SOC and CH
In general, plant cellulose and hemicellulose can contribute to 22 – 60 % of the C content of plants 
(cf. Martens et al., 2003). Research from Martens et al. (2003) shows that CH concentrations are 
three to five times higher in forest and pasture than on cropped land. Furthermore, within forest 
and pasture soils,  glucose concentration generally composes more than 50 % of  the total  CH 
concentration. This reflects the dominant contribution of glucose in the cellulose and hemicellulose 
plant fractions (Martens et al., p.70). Within tillage-based cropped land, glucose concentration only 
increased at  a depth from 24 to 38 cm to more than 60 % of  the CH. Martens et  al.  (2003) 
underline the importance of CHs as a major C contributor to terrestrial soils.  Even more, they 
describe CHs as a major source of energy for microbial processes in soils and define CHs as “a 
mix of plant and microbial compounds” (Martens et al., p.70). Within Martens et al.'s study (2003) a 
relationship between CHs and C is assumed, as SOC directly increases with CHs increase. 
1.4.6. Soil organic matter (SOM) stocks
According to Scheffer & Schachtschabel (2002, chap. 3) organic matter is described as follows: All 
necrotic herbal and animal substances in and on the mineral soil as well as their organic converted 
products belong to soil organic matter. Martens et al. (2003, p.65) describe the accumulation of 
SOM as “the function of the amount of plant, animal and microbial inputs that the soil has received 
in the past and the rate at which the biomass input decays”. Actually, Scheffer & Schachtschabel 
(2002) and Schulz et al. (2008) describe the total organic matter as humus whilst other authors 
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restrict  the  definition  of  humus  to  humic  substances  (e.g.  Blum,  2007)  (see  chapter  1.4.7.). 
However, Scheffer & Schachtschabel explain humus on the one hand as being intermixed with 
mineral soil. On the other hand it may build the topsoil humus together with spreading material.  
Further, the structure of soil organic matter is defined as heterogenous since herbal and animal 
basic  material  is  found  in  different  converting  phases  of  humic  substances  (Scheffer  & 
Schachtschabel, 2002, chap. 3). Kirkby et al. (2011) describe SOM as “the organic fraction of the 
soil  exclusive  of  un-decayed  plant  and  animal  residues  and  is  considered  synonymous  with 
humus”. In Blum (2007) the organic matter includes living organisms of the soil flora and fauna as 
well as dead, particularly or fully decomposed or transformed organic substances. Indeed, humus 
is described as the entire dead organic substance. Further, humus may account for approximately 
85 % of the soil organic matter within grassland (cf. Blum, 2007). Overall, the amount of organic 
matter refers to the top soil  (Ah-horizon). According to Blum (2007) organic matter is generally 
classified as follows:
 Tab. 1. Description of different humus contents
Organic matter Description
<1 % poor in humus
1 – 2 % slightly humuos
2 – 4 % moderate humus
4 – 8 % intense humus
8 – 15 % rich in humus
15 – 30 % half-bog
>30 % peat
According to Batjes (1996) SOM is strongly regulated,  inter alia by the net  primary production 
(NPP) and the rate of decomposition of the organic compounds.  NPP is defined as “annual net 
amount of carbon captured by land plants through photosynthesis each year” (Melillo et al, 1993, 
p.234).  
Organic matter  is  able to affect  clay minerals  and bind particles together as well  as sorb and 
desorb organic compounds. Moreover, it has the capacity to hold water and is capable to release 
and absorb plant nutrients (cf. Schuhmacher, 2002). In Blum (2007) the content (in %) and amount 
(in kg/m² or dt/ha at a certain soil depth) of organic matter act as a result of the production of  
organic basic material. Moreover, SOM results from decomposition and humification under certain 
environmental  factors  (e.g.  climate,  vegetation  and  anthropogenic  cultural  measurements). 
However, natural soils are in a specific equilibrium, depending on content and amount of organic 
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carbon. In Guo et al. (2002) the equilibrium is described as the carbon holding capacity of a soil, 
depending on the vegetation, precipitation and temperature. Further, inflows and outflows of the C 
pool regulate that equilibrium. In anthropogenic soils, especially in fields, the equilibrium may be 
severely disturbed due to e.g. decreasing material flow, or higher decomposition as a response to 
fertilization (cf. Blum, 2007). However, after land use change a new equilibrium is reached but still,  
during soil disturbance soil can act as a C source or sink, depending on the ratio of inflows and 
outflows (cf. Guo et al., 2002). 
Nevertheless,  according  to  Van-Camp  (2004)  the  most  important  role  of  SOM  affects  the 
environmental functions, that is air, water or the ecosystem quality. Rasool et al. (2008) observed 
increased water holding capacity with higher SOC content in farmyard treated plots. The increase, 
however,  was greater in  the surface soil  layers.  In conclusion,  Lal  (2004,  p.9)  describes SOC 
sequestration as a “removal of atmospheric CO2 by plants and storage of fixed C as SOM”.
1.4.7. Humus
As shown in chapter 1.4.6. humus is defined significantly different within soil science. However, in 
this diploma thesis humus contributes for the entire dead organic substances as described in Blum 
(2007). 
In  accordance with the solubility in  acid and base three humic acids can be distinguished:  a) 
humins, b)  humic acids and c) fulvic acids (Stahr et al.,  2008, chap. 2.6.).  Humins are neither 
soluble in acid, nor in base while humic acids are soluble in base. On the contrary, fulvic acids are 
soluble in acid, base and water. In general, within the temperate zone humins and humic acids 
retain in the soil for approximately 1.100 years (Stahr et al., 2008, p.69). Nevertheless, fulvic acids 
are found in the soil between 25 and 500 years (cf. Stahr et al., p.69). Consequently, humins and 
humic acids contain more carbon than fulvic acids do. Stahr et al. (2008) assume, that the spatial 
arrangement of humic acids as well as mineral components are of high importance regarding the 
availability of being used as source of food by soil microorganisms and soil organisms. 
Further,  important  characteristics of  humus include the ability to have a buffer  capacity of  pH. 
However,  Scheffer  & Schachtschabel  (2002,  p.70)  explain  that  humus and  pH-value  are  only 
indirectly related.  In general, humus is an essential habitat for living soil organisms. Moreover, the 
water retention and the capacity of binding soil aggregates are important properties as well as the 
filter and buffer function for pollutants. 
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Humus forms
While mineralization is not  considered to have influence on the humus form, bioturbation has. 
Indeed, within mineralization CO2, H2O and mineral material remain (Stahr et al., 2008, chap. 2.6.). 
In general, terrestrial humus forms such as Mull or Moder have to be distinguished from wet humus 
forms (e.g. peat). In order to be able to explain these humus forms, different humus horizons need 
to be defined exactly. Actually, three different horizons are essential within terrestrial humus forms 
(cf. Stahr et al., 2008, chap. 2.6.3.). First of all, the L-horizon derives from litter and is defined as 
the  horizon  in  which  foliage,  sproot  and  leaves are  feasible  as  such,  even  though  when 
biochemical or mechanical reaction has already begun. That litter horizon derives from litter being 
one year old or older due to accumulation of litter for years. As soon as the litter is decomposed, 
the horizon is called O-horizon, existing of pure or almost pure organic matter. Within an O-horizon 
two  types  are  distinguished:  the  Of-horizon  and  the  Oh-horizon.  The  Of-horizon,  situated 
underneath the litter horizon, is strongly confined from the above horizon. The litter material is 
already crushed but nevertheless, plants and most tissues are still feasible as such. Further, this 
horizon, in German also called  Vermoderungshorizont,  is  frequently obtained with mycchorhiza 
and can already contain completely decomposed organic matter. Second, the Oh-horizon, consists 
of only fine humus and may lye underneath the Of-horizon. Indeed, networks of living roots may be 
distinguished and litter material is completely decomposed. Moreover, the Oh-horizon results from 
accumulation  of  organic  matter  for  decades  or  centuries.  Thus,  this  horizon  is  either  strictly 
confined from the mineral soil, hence the Ah-horizon, or merges gradually into it. However, in case 
of  very  humid  conditions  a  humus  rich  horizon  may  be  built  underneath  the  L-horizon  and 
contribute to 15 – 30 % of  organic  matter  (Stahr  et  al.,  2008,  p.75).  This wet  humus form is 
described as the Aa-horizon, and in German defined as Anmoor Hence, if conditions turn to be 
even  more  humid  and  anaerobic,  peat  can  develop.  Within  peat  the  so  called  fen  peat 
(Niedermoortorf) and bog peat (Hochmoortorf) exist, whereat within fen peat aeration causes a fast 
decomposition of the litter material. Fen peat tends to be very black and is equal to the Oh-horizon, 
although it  is  less decayed. On the contrary,  bog peat  contains less nutrients and hence, less 
easily decomposable organic matter. Due to a long conservation of litter bog peat tends to be white 
or brownish, therefore it may be described as Weißtorf (white peat).
In Stahr et al. (2008) an edaphon has the capacity to develop a humus form. First and foremost,  
transformation  of  litter  and  decomposition  processes  are  of  crucial  importance.  Second, 
bioturbation  is  severely  significant.  Generally,  optimal  factors  for  an  efficient  edaphon  are 
characterized by being well aerated, warm, fresh, slightly acid to minor basic as well as nutrient 
rich (cf. Stahr et al., 2008). Hence, the development of a humus form depends on environmental 
factors and the resulting decomposer population. As the above-ground litter is built as fast as it is 
decomposed  and  intermixed  with  the  mineral  soil,  Mull  develops.  Hence,  the  litter  layer  is 
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maximum one year old and occasionally, the Ah-horizon is relatively thick and well humous. This is 
the result of a strong intermix between humus and topsoil and the relationship between organic 
and mineral soil (Stahr et al., 2008, chap. 2.6.). The transformation process from litter to humic 
acid only takes a few months and generally, the C/N ratio accounts for 8 – 13 (Stahr et al., 2008, 
p.76). Typically, Mull occurs on mixed deciduous forest but also in steppe environments. Generally, 
Mull results from optimal water, air, heat and nutrient circumstances. However, if decomposition 
circumstances are less favourable, a litter layer may accumulate for several years (e.g. with poor 
climatic circumstances or rarely decomposable leaf and needle litter as from oaks or conifers (cf. 
Stahr et al., 2008). In contradiction to Mull the so called Moder concludes a thinner litter layer. The 
O horizon accounts for one to three cm and it takes decades until litter transforms into mineral soil 
(Stahr et al., 2008, chap. 2.6.). Further, the Ah-horizon is rich in humus, but shallow and the C/N 
ratio amounts to between 15 and 20 (Stahr et al., p.76). The top soil may be acid within a Moder 
and may account for pH 4 (Stahr et al., 2008, p.76). Still, Moder may also occur within basic soil as 
decomposition rate is not favourable due to drought or cold. Actually, Moder is the most frequent 
form in soils of conifers, in higher elevations of low mountain ranges or on grassland when litter is 
not evenly distributed (cf. Stahr et al., 2008). Moreover, if circumstances for decomposition worsen 
(e.g. due to nutrient poor soils or unfavourable litter as well as cold soil climate) a humus layer can 
grow up to 30 cm.  Cambisols and Luvisols are assumed to be more fertile and to hold a higher 
active soil  biological  system than e.g.  Podzols  (cf.  Baritz  et  al.,  2010).  In sandy soils,  usually 
conifer-dominated, nutrient-poor litter and reduced decomposition appear. Further, organic matter 
typically accumulates so that carbon stocks in the O-layer of e.g. Podzols are clearly higher than of 
Cambisols and Luvisols (Baritz et al., 2010, p.274). Generally, fine-textured soils are assumed to 
have greater carbon stocks because of higher fertility due to high litter and root production and 
highly active decomposition (cf. Baritz et al., 2010). The so called Rohhumus (raw humus) results 
from  decade-old  litter  layer  and  a  decaying  horizon  (Vermoderungshorizont)  that  unables 
bioturbation (Stahr et al., 2008, chap. 2.6.). The C/N ratio within a raw humus contributes to 25 
within the mineral soil and up to 30 or 40 in the litter humus horizon (Auflagehumushorizont) (Stahr 
et  al.,  2008,  p.77).  Subsequently,  raw humus occurs  rather  rarely,  above all,  after  wrong soil 
management  for  centuries  (e.g.  heath).  Contradictionary,  humid  conditions  favour  litter 
decomposition to humification. However, within anaerobe conditions the resulting humins cannot 
be further decomposed and hence,  Anmoor will typically occur. An Anmoor may be a wet humus 
form as well  as a soil  type.  As a wet  humus form it  is  rich in  humus and consists  of  a non-
structured Aa-horizon (Stahr et al., 2008, chap. 2.6.). Typically, an Anmoor is found in marshes, at 
the edge of natural lakes and very humid floodplains. Occasionally, if litter falls directly into water 
and develops in anaerobe conditions, undecomposed tissue structures may remain for thousands 
of years (Stahr et al., 2008, chap. 2.6.). Hence, organic matter is loosely accumulated and very 
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slowly transformed. Such wet humus forms, so called peat, can grow up to several meters since 
they grow one to two mm per year (Stahr et al.,  2008, chap. 2.6.). Actually, two forms of peat 
appear: fen peat (Niedermoortorf) and bog peat (Hochmoortorf). Whereas a fen peat is in contact 
with ground water and covered with reed and sedges, a bog peat occurs in a so called Regenmoor 
(raised mire) and can be built from dwarf shrubs and cotton gras [Eriophorum]. 
1.5. State of the art
1.5.1. Soils and carbon cycle
Martens et al. (2003) and Post et al. (2000) describe the reason for soil C cycling in the complex 
interactions between the chemical composition of plant residues and the biological and physical 
processes in the soil. Moreover, Martens et al. (2003, p.65) describe the decay rate within the C 
cycle to be related to the quality and quantity of plant residues returned to the soil, soil type (e.g. 
amount of clay minerals) and soil management. Thus, climate change has severe impacts on SOC 
since a decrease of the SOC pool effects numerous cycles such as water cycle, carbon cycle, 
nitrogen cycle as well as phosphorous and solfur cycle (cf. Lal, 2004). In fact, through increasing 
surface temperature (see chapter 1.5.2.) land-surface precipitation may continue to increase at the 
rate of 0.5 – 1 %/decade in parts of the Northern Hemisphere and decrease by 0.3 %/decade in 
sub-tropical land areas (cf. Lal, 2004). As a result, cycles are disrupted, the soil's susceptibility to 
erosion increases and biodiversity as well  as the environment  will  be affected (cf.  Lal,  2004). 
Indeed, as shown in chapter 1. from 1850 to 1998 270 ±30 Pg of C were emitted from fossil fuel 
burning and cement production while at the same period 136 ±55 Pg of C emissions are estimated 
due to land use change (Lal, 2004, p.4). However, of this amount 176 ±10 Pg C were absorbed by 
the atmosphere while the ocean and the terrestrial sinks absorbed the remainder (cf. Lal, 2004). 
Within land use change Lal (2004, p.4) estimates that the emissions result from decomposition of 
vegetation and mineralization/oxidation of humus or SOC. However, Lal (2004, p.4) stresses the 
fact that the process of SOC depletion may be reversed and quality and quantity of SOC may 
increase inter alia biomass production, enhance water quality and mitigate risks of global warming. 
Generally,  soil  nitrogen is  found  in  five  fragmented stocks  whereat  the  major  part  appears  in 
spreading material and humus. Still, the fraction of N within organic matter is defined with the C/N 
ratio (see chapter 3.9.) (cf. Stahr et al., 2008). Further, microbially bound N shows seasonal and 
spatial  variations but  still,  100 to 400 kg/ha may be sequestered of that N. However, pools of 
mineral N show greater variation. When microorganisms decompose organic matter, ammonium 
will initially occur.  Still, within biological active, well aerated and not too acid soils, ammonium will  
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quite fast turn to nitrite and further, through oxidation, to nitrate. Hence, in acidic or poorly aerated 
soils ammonium is rather found than nitrate, whereas nitrate infers well aerated and not too acid 
soils (cf. Stahr et al., 2008, chap. 4.7). Consequently, the results of the ammonium and missing 
nitrate amount in the study area (see chapter 3.8.) are concomitant with the rather low pH-value, 
indicating acid soils. 
1.5.2. SOC and climate change
Prospected climate change will  have a severe impact on soils, especially on soil  moisture and 
temperature regimes (cf. Lal, 2004). Further, vegetation is strongly influenced by soil through water 
availability,  elemental  cycling  and  soil  temperature.  Thus,  changes  of  these  regimes  might 
influence  species  composition  within  ecosystems.  Moreover,  microbial  processes  are  directly 
effected  by  soil  temperature  and  therefore,  the  rate  of  mineralization  will  increase  through 
increasing soil  temperature and hence,  lead to SOC decrease (cf.  Lal,  2004 and Kirschbaum, 
2000).  Furthermore,  in  Kirschbaum  (2000)  higher  temperatures  stimulate  decomposition  rates 
more than NPP. On the contrary,  increasing CO2  may also have the effect of  stimulating SOC 
increase through increases in NPP. Still, in correlation with climate change severe declines in SOC 
are prospected for the Boreal, Tundra and Polar regions. While peat and other organic soils of cold 
regions still  act as a C sink,  they could become a net C source as temperature increases as 
forecast (cf. Lal, 2004). In general, SOC with a comparatively long turnover time is decreasing the 
rate of CO2 accumulation because it is returned to the recalcitrant soil pool (cf. Lal, 2004). Still, 
enhancing SOC sequestration  is  not  only  improving soil  quality and biomass productivity,  it  is 
lowering the rate of CO2 increment in the atmosphere. Therefore, Lal (2004, p.15) describes SOC 
sequestration as “a win-win strategy”.  According to Rasool et  al.  (2008) restoration of  SOC in 
arable lands may act as a potential sink for atmospheric CO2. Moreover, Rosenberg et al. (2001) 
and Lal (2004) declare SOC sequestration as a very important factor for the beginning of the 21st 
century in order to gain some time and to be able to develop alternatives for energy consumption. 
Further, Suuster et al. (2011) concentrate on the importance of soil bulk density as the principal soil 
physical property and substantial indicator for soil quality. Since SOC is strongly assumed to be 
important within the context of climate change, accurate estimates of soil bulk density are essential 
in order to be able to calculate SOC stocks precisely. 
1.5.3. Carbon sequestration in agroecosystems
In general, carbon sequestration has gained international importance within agroecosystems in the 
last  decades. However, the IPCC (2005)  reports that only soils of afforestation and reforestation 
are calculated in the global C-budget. Still, Lal (2004), Martens et al. (2003) and others describe 
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land use change from cropland to pasture or forest to have a high potential of C accumulation and 
hence, CO2 sequestration. In Lal (2004, p.6) cultivation of soils, such as ploughing and other tillage 
methods,  intensify  the  mineralization  of  SOC and therefore  release CO2 into  the atmosphere. 
However, Mosaddeghi et al. (2009) found positive effects of tillage in different studies while other 
studies describe no tillage to be better for the soil than tillage. Chen et al. (2009) e.g. describe 
reduced  tillage  to  sequester  more  C than  tillage  because  of  less  soil  disturbance.  Generally, 
conventional farming and organic farming are compared in different studies (e.g. Köpke et al., 1995 
and Leu,  2006).  Overall,  there are  more arguments  for  organic  farming (e.g.  higher  microbial 
biomass production and less soil disturbance). Leu (2007, p.19) even describes organic farming to 
have the potential to reverse climate change by converting atmospheric CO2  into SOM.  Further, 
intensive tillage, and overuse of N fertilisers within conventional farming may decline SOM in soil 
(cf. Leu, 2006). On the contrary, Rasool et al. (2008) found increased SOC levels after organic and 
inorganic manure, that is N100P50K50. Moreover, in Blanco-Canqui et al. (2007) ploughing modifies 
the role of residues in contrast to no tillage. Hence, within no tillage residues are left on the soil  
surface to  decompose slowly,  followed by unique changes in  soil  structural  properties. In fact, 
tillage increases SOC mineralization because it brings crop residues closer to microbes where soil 
moisture conditions favour mineralization and aggregates are disrupted (cf. Lal, 2004). Moreover, 
the carbon pool is able to change as SOC declines due to cultivation and soil degradation. As a 
result the more resistant charcoal fraction can increase as a portion of the total C pool (cf. Lal, 
2004). Further, Lal (2004) and Rosenberg et al. (2001) strengthen the important need of a better 
understanding on tillage effects  on SOC. A two third  recovery of  the  C loss  induced by land 
conversions  from  grassland,  wetland  and  forest  to  agriculture  is  described  as  achievable  by 
Rosenberg et al. (2001). 
Depletion  of  SOC is  crucial  within  agricultural  soils  and  comprises  physical  degradation  (e.g. 
reduction  in  aggregation),  soil  erosion  and  chemical  degradation  such  as  decline  in  pH  and 
acidification (cf. Lal, 2004). Moreover, soil degradation reduces biomass productivity, quality and 
quantity of returned biomass to the soil and infers a SOC decrease (cf. Lal, 2004). Soil erosion is 
assumed to have the most severe impacts on SOC on sloping lands, emitting approximately 1.14 
Pg of C into the atmosphere per year (cf. Lal, 2004). However, on flat soils Lal (2004) describes 
mineralization to predominate erosion. 
Generally,  a no-tillage conservation method is described to be better for agricultural  soils than 
tillage.  Even more,  ecological  farming,  hence avoiding inorganic  fertilisers,  seems to enhance 
carbon sequestration in many cases (e.g. Lal, 2004). Still, some studies (e.g. Mosaddeghi et al., 
2009) found different results. Therefore, it may be assumed that environmental parameters and 
soil parent material, as described by Gleixner et al. (2009) and Batjes (1996) may have an impact 
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on the effects of tillage. 
As a matter of fact, carbon sequestration plays an important role within agroecosystems. Although 
there  are  uncertainties  within  the  storage  of  SOC,  it  is  known  that  the  process  of  carbon 
sequestration can be reversed within land use change (cf. Martens et al., 2003, Rosenberg et al.,  
2001 and Guo et al., 2002). In general, when land use change invents soil C decrease, the reverse 
process increases soil carbon, and vice versa (cf. Guo et al., 2002). For instance, the decline of C 
content within land use change from forest to pasture may be reversed by reforesting the pasture. 
Even more, approximately the same amount of C can be restored in the soil (cf. Martens et al.,  
2003). Nonetheless, in many cases carbon cannot totally recover in the same amount that was lost 
in the previous cultivation (cf. Guo et al. 2002). Indeed, Guo et al. (2002) describe declines in soil 
C stocks after land use change from pasture to plantation (-10%), native forest to plantation (-
13%),  native  forest  to  crop (-42%),  and  pasture  to  crop (-59%).  On the other  side,  C  stocks 
increase within land use change from native forest to pasture (+8%), from crop to pasture (+19%), 
crop to plantation (+18%), and crop to secondary forest (+53%). Further, it is known that the clay 
content is essential for SOC accumulation (cf. Martens et al., 2003, Chen et al., 2009). Therefore a 
constant clay content is pertinent when comparing SOC results and studies.   
Post et al. (2000) describe an approximate rate of C accumulation of less than 100 g C m² per year 
within the early stage of perennial vegetation growth. According to Post et al. (2000) many factors 
are responsible for the direction and rate of change in SOC content. When SOC storage increases, 
it might be due to a) the increasing input rates of organic matter, b) increasing LF-OC, c) deeper 
placed  organic  matter  (e.g.  by  enhancing  surface  mixing  by  soil  organisms)  and  d)  physical 
protection through inter alia organomineral complexes. Guo et al. (2002) describe related factors 
and processes in order to increase SOC storage. Degryze et al. (2004, p.1131) similarly conclude 
three general mechanisms to be important for SOC sequestration in mineral soils: a) increased 
plant  NPP and  therefore  a  greater  C  input,  b)  higher  litter  recalcitrance  and  less  favourable 
decomposition  conditions  and  c)  enhanced  physical  or  physicochemical  protection  of 
decomposition products. However, Gleixner et al. (2009) describe the amount of input carbon to 
drive carbon accumulation in the long term. Hence, it  is not the chemical composition of input 
carbon but more the environmental factors, i.e. acid-generating conifer litter or water-saturated soil 
that influence the decomposition process severely. Thus, litter accumulation and carbon input may 
be lower in the mineral soil, followed by possible accumulation of organic layers (cf. Gleixner et al., 
2009). Rosenberg et al (2001) assume a SOC sequestration of 0.4 to 0.8 Pg/year in agricultural  
soils within 2000 and 2100. However, they state that the sequestration rate will be twice as high at 
the beginning of the 21st century and half as great at the end of it.  
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As explained in chapter 6. SOC pools decrease with land misuse and soil mismanagement. On the 
contrary, land use change with adoption of RMPs may cause an increase of SOC (cf. Lal, 2004). 
Thus, C storage may be enhanced when changing from plough till to no till or conservation tillage, 
that would be reduced soil  disturbance, shorter  fallow periods and growing cover crops in the 
rotation cycle (Lal, 2004, p.11). The latter one, e.g. leguminous cover crop, enhances biodiversity, 
quality of plant residue and SOC pool and therefore,  infers less C and N loss (cf.  Lal,  2004). 
Blanco-Canqui et al. (2007) describe SOC concentration changes after straw mulching. However, 
highly significant  changes were found in  the upper  0 – 10 cm soil  while  below 10 cm depth, 
changes of SOC were not significant. Further, Blanco-Canqui et al. (2007) found 33 % C added via 
straw over  a  10 year  period in  their  study.  Hence,  two  thirds  of  added wheat  straw was  not 
converted to SOC but most probably lost as emissions of CO2 and CH4. However, long-term straw 
mulching increased SOC concentration and improved near-surface aggregate properties (Blanco-
Canqui et al., 2007, p.240). Rasool et al. (2008) studied farmyard manure and inorganic fertilizer, 
that is N100P50K50, on maize and wheat and concluded that it enhances SOC level. Thus, indirect 
positive effects on soil physical properties and soil quality (e.g. crop productivity) can be observed 
after organic and inorganic manure. Still, the capacity of a SOC sink depends on climate, profile 
characteristics and management as well as the level of SOM (cf. Lal, 2004). However, Lal (2004) 
assumes that the enhancement of SOC pools could potentially offset fossil fuel emissions. Further, 
Lal  (2004)  describes a high potential  of  SOC sequestration in  European soils,  an adoption to 
conservation tillage could store approximately 23 Tg C/year in the European Union. On the other 
side, Rosenberg et al. (2001) consider conservation tillage to need additional pesticides in order to 
control  weeds,  diseases  and  insects  which  in  turn  influences  the  ecological  system severely. 
Moreover, Lal (2004) assesses organic manure and compost as enhancing SOC pools more than 
inorganic fertilizers do, and a long-term manure might even ameliorate aggregation. However, in 
Europe 820 million metric tons of manure are produced annually whereas only 54 % are used on 
arable land. Furthermore, manure and thus, enhancing SOC, is believed to have a greater impact 
on cropland than on pasture (cf. Lal, 2004). In case of applying 100 % manure on arable land, a 
sequestration of 6.8 Tg C/year is estimated (cf.  Lal,  2004). However, restoring historic C loss 
(approx.  66  –  90  Pg)  is  assumed  to  be  possible  within  25  –  50  years.  The  rates  of  SOC 
sequestration vary between 0.02 to 0.76 Mg C/ha/year for improving crop management and from 
0.1 to 1.3 Mg C/ha/year when converting from plough till to no till  (cf. Lal, 2004). Furthermore, 
Rasool et al.  (2008) describe an increase in crop yield after application of inorganic fertilizers. 
Thus, according to Rasool et al. (2008) NPK supplies plant nutrients in sufficient quantities and 
hence,  SOM  content  increases.  Six  et  al.  (2002)  describe  a  loss  of  C  when  disturbing  the 
aggregate  structure  through cultivation.  Further,  cultivation  leads to  an increase of  C-depleted 
microaggregates. In comparison, C stabilization and C average turnover time are greater in free 
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microggregates than within macroaggregates (in the upper 10 cm), namely 412 year and 140 year, 
respectively (cf. Six et al., 2002). 
Moreover, Lal (2004) claims that pasture improvement (e.g. controlled grazing or sowing legumes 
and grasses) may improve C sequestration by 0.11 to 3.04 Mg C/ha/year. In general, Europe's 
agricultural soils have a SOC sequestration potential of 56 Tg/C/year (cf. Lal, 2004). Excluding 
erosion and biofuel offset, the SOC sequestration potential accounts for 0.6 – 1.2 Pg C/year (cf. 
Lal, 2004)
Afforestation is considered to either have an increasing or decreasing effect on SOC. While studies 
in New Zealand showed a decline of SOC concentration by 15 % (at a depth of 12 – 18 cm) when 
afforestating with Pinus radiata,  an increase of SOC was measured in a afforestation study in 
Minnesota (cf. Lal, 2004). In general, the rate of change in SOC due to afforestation depends on 
climate, soil type, species and nutrients (Lal, 2004, p.13). Lal (2004) describes that a study from 
1997 showed a SOC pool of 12.0 Pg within the soils of European forests. Indeed, in Gleixner et al. 
(2009,  p.261)  soil  carbon  accumulation  is  possible  in  old-growth  forests  through  various 
mechanisms. That would be inter alia increases in litter production rates and transport into deeper 
soil  layers.  The  latter  one  acts  protective  for  sequestered  soil  carbon  against  environmental 
variability.
In Franzluebbers et al.'s (1995) study soil bulk density increased after tillage but within short time, 
turned back to levels from no tillage (NT) due to soil densification. Further, temporal variations 
during fallow were greater within CT than within NT, that was explained with tillage, loosening the 
soil. Hence, tilled soil shows positive and negative changes of physical conditions. Positive, that 
would be e.g. increased soil aeration while negative effects may be the rapid soil drying rate. In 
accordance with BD soil temperature at sunrise was greater within NT than with CT in most of the 
studies by Franzluebbers et al. (1995). They describe this effect as a result from crop residues, 
being able to avoid soil  temperature loss on the soil  surface during night.  Chen et  al.  (2009) 
describe generally lower bulk densities in grassland and reduced tillage than in plough tillage.  In 
Suuster et al. (2011) SOC and texture mainly characterise the systematic variation of BD within 
arable soils. Furthermore, soil  chemical properties are assumed to have a great impact on the 
determination  of  BD. In  Blanco-Canqui  et  al.'s  (2007)  study  about  wheat  straw  mulching  a 
decrease in bulk density is concomitant with an increase in SOC concentration. Possibly that may 
be due to the development of macropores formed by earthworms and other soil organisms under 
mulch cover. Even more, mulching positively influences inter alia soil stability, strength and water 
retention  capacity  (cf.  Blanco-Canqui  et  al.,  2007).  In  Rasool's  et  al.’s  (2008)  study farmyard 
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manure decreases BD significantly. However, the decrease was found in all layers but was greater 
in upper soil layers. 
Concluding, Lal (2004, p.14) describes the potential of SOC sequestration in the following order: 
degraded  soils  and  desertified  ecosystems  >  cropland  >  grazing  lands  >  forest  lands  and 
permanent crops. However, Degryze et al. (2004) declare the TOC increase of the mineral soil as 
follows: agricultural<afforested<successional<<native forest. 
In  general,  Degryze  et  al.  (2004)  found  POM (>53  micrometer)  that  was  enclosed  in 
microaggregates (53-250 micrometer) as an early indicator for total carbon change. After land use 
change POM mainly increased in the heavy fraction with a density of 1.85 g/cm² (cf. Degryze et al., 
2004).  Still,  Six  et  al.  (2002,  p.164)  describe  LF  as  the  most  robust  indicator  of  land  use 
management-induced  changes  in  SOM.  Moreover,  they  have  investigated  POM as  an  earlier 
indicator for soil management changes than SOM. Overall, Six et al. (2004, p.166) describe four 
different  SOM pools,  that  is  a)  the  biochemically-protected  carbon  pool,  b)  the  silt-  and  clay 
protected C pool, c) the microaggregate-protected C pool and d), the unprotected carbon pool. 
1.6. Relevance to Kyoto Protocol
Since  2001 the Kyoto Protocol enables countries to use the concept of credits for C sinks, but only 
for  a limited number of  activities such as afforestation and reforestation (cf.  Rosenberg et  al., 
2001).  Hence,  according  to  the  Kyoto  Protocol  SOC sequestration  is  only  allowed in  soils  of 
afforested and reforested land. Still, this is not very clear and further investigations were postponed 
due to the fact that it is difficult and expensive to monitor permanent C sequestration. Nonetheless, 
the process of carbon crediting is beginning and transactions are already being made (see chapter 
1.7.).  Still,  SOC  sequestration  within  land  use  change  from  cropland  to  pasture  or  forest  is 
assumed to have a great impact (see chapter 1.5.3. and 5.). Hence, concepts of C credits may be 
reconsidered and land use change from cropland to perennial vegetation may play a role in future 
credit giving. Still, the time frame of SOC sequestration may occur to be a crucial factor. Thus, 
ensuring that carbon is stored in the soil for a long time is inevitable. 
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1.7. Relevance in CO2 emission certificates
Trading with CO2 emission certificates only became relevant recently.  Actually,  in 2005 the EU 
emission  trading  system was  launched20.  Hence,  industry  may buy CO2  certificates  in  case  it 
cannot fulfil the emission limits to reach the Kyoto Protocol goals. On a regional bases, farmers, 
that induce a land use change (e.g. afforestation and reforestation), may obtain such certificates 
because of taking CO2 lowering actions. 
According to Kirkby et al. (2011) each ton of humus may store 80 kg N, 20 kg P and 14 kg S in the 
soil. Further, they describe studies comparing these data with the costs in case all these nutrients 
were supplied by fertilisers, accounting for $248. However, the current trading prices for CO2 vary 
between $5 – 10 and $40  (cf. Kirkby et al., 2011). Hence, a ton of humus, that is 3,667 t CO2, 
would currently account for $20 – 150, and therefore, humus accumulation would cost less than 
applying fertilisers. Still, Kirkby et al. (2011) point out that several factors have to be considered 
within  carbon  pricing  and  the  decision  whether  CO2 emission  trading  makes  economic  and 
environmental sense. As for Austria, the Ökoregion Kaindorf is involved in regional CO2 certificate 
trading with Austrian companies. Hence, farmers in the ecoregion Kaindorf specifically accumulate 
humus (e.g. with compost) and ensure that the accumulated carbon remains in the soil for at least 
five years. Hence, CO2 is captured relatively stable in the soil for a period of time. On the other side 
companies may pay for that captured CO2 and in turn get certificates. These allow them to claim 
CO2  neutral  services  for  the  amount  of  CO2  certificates  they  bought.  While  specific  humus 
accumulation, hence carbon sequestration, is favoured for the soils’ quality, it may be discussed 
weather CO2 certificate trading makes environmental sense. The conversion factor from carbon to 
carbon dioxide contributes to 3.667. The molecular weight of carbon amounts for 12 g C + 2 * 16 g 
02 , that is 44 g CO221. Hence, a factor of CO2/C results in 3.67 (cf. Jones, 2006). 
1.8. Significance of land use history
When  considering  management  activities  in  order  to  sequester  SOC,  land  use  history  is  of 
significant importance. At the beginning of a study, it is crucial to detect the low or high SOC pools 
and  document  an  able  equilibrium  (cf.  Post  et  al.,  2000).  Depending  on  these  factors,  SOC 
accumulation or loss rates may vary severely. According to Lal (2004, p.5) land use history has a 
strong  impact  on  the  SOC  pool  since  a  conversion  from  natural  to  agricultural  ecosystems 
increases  maximum  soil  temperature  and  decreases  soil  moisture  storage  in  the  root  zone, 
especially  in  drained  agricultural  soils.  Hence,  it  is  crucial  to  know whether  the  soil  is  in  an 
20 http://ec.europa.eu/clima/policies/ets/index_en.htm   
21 http://www.fueleconomy.gov/feg/co2.shtml   
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equilibrium or not. Within reduced soil cultivation a new equilibrium may be noted after five or six 
years whereas soils with minimal soil  cultivation may not show an equilibrium before 14 years 
(Stahr et al., 2008, p.286). According to Stahr et al. (2008) this could occur due to the heterogenic 
distribution on the surface. Similarly, Guo et al. (2002) describe a disturbed equilibrium after land 
use change and moreover, point out the time after conversion as a relevant factor within studies. 
Further, Chen et al. (2009) report a period of approximately 100 years after land use change until  
soils in Europe can reach a new steady state. While the recovery time of a soil after land use 
change varies within studies, it seems obvious, that land use history has a significant impact on 
SOC sequestration. 
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2. Materials and Methods
Particle size, pH-value, bulk density and TOC content are measured in order to define humus 
content and accumulation in the study area. First of all, 40 soil samples are taken from the topsoil  
until 20 cm depth. Hence, from each parcel 10 samples are taken randomly (see chapter 2.8.). 
After measurements of the above mentioned soil parameters in the laboratory the test of normality 
is  able  to define  whether  samples  are  distributed normally  within  a  parcel  (see chapter  9.4.). 
Further, in order to verify soil classification from eBod22 one soil profile is taken from each parcel. 
Moreover, for accurate bulk density measurements three different methods are compared, that is 
the Adams equation, found in Post et al. (2004), the sand cone test and sample ring test (see 
chapter 3.5.). Particle size is measured with two different methods. While coarse soil is measured 
with the sieve analysis (see chapter 2.10.2.), the fine soil was analysed with a Sedigraph. PH-value 
was measured with the typical laboratory pH-electrode and carbon was measured in two different 
ways:  a)  with  LECO  RC612,  measuring  TOC  content  and  b)  with  the  elementar  analysis, 
measuring C and N content (see chapter 3.7. and 3.9.). In connection with the elementar analyses 
the C/N ratio is also measured. Further, samples from the soil profiles are tested on ammonium 
content (see chapter 3.8.). 
2.1. Study area
The study area is situated in Treubach/Moosbach in the district Braunau am Inn in Upper Austria, 
approximate situation at 48°10' Northern Latitude and 13°10' Eastern Longitude. The height above 
sea level of the four parcels varies between 425 and 480 m. Generally, the studied parcels are 
relatively flat. Though, degradation and erosion play an important role within agricultural soils (see 
chapter  1.4.5.), it  does  not  affect  the  study  area.  The  observed  parcels  include  meadow 
(YOUNG.G and OLD.G), field (FIELD) as well as forest (FOREST). Further, YOUNG.G and FIELD 
underwent different land use management practices within history. Since the study area belongs to 
the uncle of the author, land use history is well known. As stated in chapter 1.8. land use history is 
extremely important for current TOC interpretation. Fig. 2 shows an overview over the study area 
in Upper Austria.
22 http://gis.lebensministerium.at/eBOD/frames/index.php?  
PHPSESSID=dcdbcf1629cd64a5c9500dd97c2c3c55&145=true&gui_id=eBOD 
38/109
Fig. 2. Overview study area 
(source: AMAP, adapted by Jasmin Karer)
2.2.1. Land use history 
YOUNG.G, hence the grassland situated close to my uncle's farm, was managed as a field with 
crop rotation before 1978. Barley, wheat, and oat used to be cultivated, respectively. Generally, 
barley used to be cultivated with clover, that was grown in order to feed the cows. On the contrary, 
FIELD was maintained as a meadow until 2005. Since then, this parcel occurs as a field with crop 
rotation.  OLD.G  is  assumed  to  have  been  forested  until  the  beginning of  18th century.  After 
clearing, it was maintained as a meadow and is still held as such one. FOREST is maintained as a 
selection forest since centuries. 
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2.2.2. Current situation
YOUNG.G became a meadow in 1978 and is still cultivated as such one. This meadow is mowed 
four  times  a  year  and  manure  contributes  of  liquid  manure  and  slurry,  being  brought  on  the 
meadow after every crop. Liquid manure and slurry are spread alternately. FIELD however, is now 
cultivated as a field with crop rotation.  Furthermore,  this  crop rotation varies between triticale, 
winter barley, wheat, and oat. Triticale is an acronym of a hybridisation from Triticum and Secale,  
consisting of female wheat (Triticum aestivum L.) and masculine rye (Secale cereale L.).23 24 The 
FIELD is mainly manured with inorganic fertilizer, that is NPK. NPK is spread on FIELD in spring, 
after snow is melt away. During the period when the soil samples were taken, wheat was cultivated 
in autumn and NPK was spread in April, one day before taking the soil profile. Still, the profile was 
taken at a part that was not manured. Occasionally, organic manure may be brought out on the 
field. Still, for years that did not appear since the weather in spring usually does not allow a tractor  
in the field. Thus, when the weather turns warm too quickly the tractor cannot move properly in the 
field. OLD.G is similarly maintained as YOUNG.G. Still,  OLD.G is maintained as a meadow for 
approximately  300  years.  While  YOUNG.G  is  described  as  a  cambisol  with  rather  low  TOC 
contents, OLD.G as an Anmoor shows the highest TOC contents within the study area. 
2.2. Data 
2.2.3. Climate and weather conditions
Soil  samples  were  taken  on  September  2010  and  April  2011.  Hence,  climate  and  weather 
conditions from June 2010 on are observed thoroughly and may be of special interest for the study.
  
June 2010 
In spite of the cold and wet conditions at the beginning of June the weather indicates a positive 
deviation from the mean temperature from 1971 to 2000. On the contrary, in whole Austria the 
temperature did not fall below the long term medium temperature. Furthermore, the precipitation in
June is consistent with the long term mean. However, the sunshine hours are relatively low but still  
within the statistical variance.25 
23 http://www.agrilexikon.de/index.php?id=triticale   
24 http://www.lebensmittellexikon.de/t0000500.php   
25 http://www.zamg.ac.at/fix/klima/wiewars06-10.pdf   
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July 2010
In contrary to June this July is described as one of  the six warmest  within Austria's  recorded 
climate history. However, precipitation counterbalances in most of the regions or retains above the 
mean, for instance in the Innviertel in upper Austria. Indeed, thunder-storms caused heavy rainfall 
and led e.g. in Ried im Innkreis to 54 mm precipitation within one hour. In general, sunshine hours 
remain 17 % above the climatological mean in this summer month.26 
August 2010
The meteorological summer maintained no longer than August. In general, precipitation persisted 
above the long term mean throughout Austria. In contrast to the heat wave in July, there were only 
mild temperatures at the beginning of August. Hence, the temperature varies from slightly above to 
slightly below the long term mean.27 
September 2010
September  accounts  for  one  of  the  few  months  that  is  not  showing  a  significant  trend  in 
temperature within the last 70 years. In most of the regions the monthly mean temperature was 
marginally below the average from 1971 to 2000.  However, precipitation was low in the Innviertel 
in relation to the long term mean. Together with the Hausruckviertel, they accounted for the driest 
regions throughout Austria. Further, the sunshine hours in dry regions like upper Austria point to 
the reference values in September.28 
October 2010
In accordance with September the weather in October was generally classified as below the long 
term average. Overall, sunshine hours varied but were in accordance with the average sunshine 
hours in many regions. The last days in October are characterized by could polar air from the north 
and a low from the Adria.29
November 2010
After cold days in October the temperature rose at the beginning of November. According to the 
30-year average temperature was 0.5°C and 3.8°C warmer in west and east Austria, respectively. 
In upper Austria the positive temperature deviation accounted for 1,5°C. However, precipitation 
was below the long term mean in some regions, especially in the northern side of the alps and the 
northern alpine foothills.30    
26 http://www.zamg.ac.at/fix/klima/wiewars07-10.pdf   
27 http://www.zamg.ac.at/fix/klima/wiewars08-10.pdf   
28 http://www.zamg.ac.at/fix/klima/wiewars09-10.pdf   
29 http://www.zamg.ac.at/fix/klima/wiewars10-10.pdf   
30 http://www.zamg.ac.at/fix/klima/wiewars11-10.pdf   
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December 2010
In  upper  Austria  temperature  was below the December  average.  However,  whole  Austria  was 
covered with snow at the beginning until the middle of December.31 
January 2011
In the north of Austria January is described with mean temperatures and precipitation above the 
average. At the end of the month temperature got lower and caused new snow fall.32  
February 2011
While temperature varied significantly within February, sunshine hours could contribute to a plus of 
10  %  throughout  Austria.  However,  very  low  precipitation  led  to  the  fact  that  whole  Austria 
remained below the mean precipitation in February. According to ZAMG approximately the same 
low amount of precipitation was measured in 1982.33 
March 2011
In general,  sunshine hours in  March contributed to a plus of  40 % according to the average. 
Hence, march was as sunny as in 1953 for at last. The temperature, however, remained in the long 
term average with a slight plus between 0,5°C and 1,5°C in upper Austria. Precipitation was low 
due to the amount of sunshine hours, leading to less snow than in the long term mean.34 
In summary the temperature balances closely to the climatological mean from 1971 to 2000 at the 
second half of 2010. Actually, the mean daily temperature within this period contributed to 7.9°C.35 
Additionally, precipitation is consistent with the long term annual means, accounting for a mean 
annual precipitation of 893.1 mm.36 On the contrary, the statistical sunshine hours were below the 
average. Since 2000 the year 2010 was the first one to fall below Austria's37 long term sunshine 
mean  of  1701.7  hours  annually.38 Fig.  3  and  Fig.  4  show long  term  mean  temperature  and 
precipitation data from the climate station in Aspach in Upper Austria. This station is situated at 440 
meters a.s.l. and is approximately 10 kilometres away from the studied parcels. Hence, this mean 
climate data is the closest nearby the parcels that is available.  
31 http://www.zamg.ac.at/fix/klima/wiewars12-10.pdf   
32 http://www.zamg.ac.at/fix/klima/wiewars01-11.pdf   
33 http://www.zamg.ac.at/fix/klima/wiewars02-11.pdf   
34 http://www.zamg.ac.at/fix/klima/wiewars03-11.pdf   
35 http://www.zamg.ac.at/fix/klima/oe71-00/klima2000/klimadaten_oesterreich_1971_frame1.htm   
36 http://www.zamg.ac.at/fix/klima/oe71-00/klima2000/klimadaten_oesterreich_1971_frame1.htm   
37 http://www.zamg.ac.at/fix/klima/wiewars10.pdf   
38 http://www.zamg.ac.at/fix/klima/oe71-00/klima2000/klimadaten_oesterreich_1971_frame1.htm   
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  Fig. 3. Climatological temperature data from Aspach from 1971 to 200039
In  Fig. 3 t describes the mean daily temperature. While mtmax stands for the sum of the daily 
temperature maximum, mtmin represents the daily minima, both expressed in number of days. 
Further,  tmax  shows  the  absolut  daily  maximum  in  temperature  whereas  tmin  describes  the 
absolute daily temperature minima.   
Fig. 4. Climatological precipitation data from Aspach from 1971 to 200040
In  Fig. 4 rsum (l/m²) explains the mean precipitation sum of a month, rmax shows the highest 
precipitation sum within 24 hours. n1 stands for the days when precipitation contributed to ≥ 1 mm 
whereat n10 shows the days with ≥ 10 mm precipitation. 
39 http://www.zamg.ac.at/fix/klima/oe71-00/klima2000/klimadaten_oesterreich_1971_frame1.htm   
40 http://www.zamg.ac.at/fix/klima/oe71-00/klima2000/klimadaten_oesterreich_1971_frame1.htm   
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2.3. Elevation
The hight above sea level of the study area varies between 425 and 480 m. The parcels may 
described as rather flat.  Therefore,  erosion processes may be neglected.  FOREST shows the 
highest elevation, being situated at 480 m a.s.l. YOUNG.G and FIELD, both show a hight of 430 m 
a.s.l. and OLD.G 425 m a.s.l. 
2.4. Geomorphological overview and geology
Treubach contributes to the Molasse zone in Upper Austria. However, there is a coherence with the 
alps, since the geological bedrock was built during the alpine building 100 millions of years ago. In 
general, the grey-green  Treubacher Sande contribute up to 30 m and are described as a sandy 
complex, consisting of medium to fine grained quartz crystals (cf. Aberer, 1959). Furthermore, the 
Treubacher Sande contribute to the glauconitic series as part of the Innviertler Serie. Glauconitic 
infers a common mineral within the silicates. In particular, glauconits remain in the group of layered 
silicates (Phyllosilicate) with mica (cf. Gruber, 1983)
2.5. Soil characteristics
Soil characteristics of the study area are defined by eBod and by own soil profiles. In most of the 
cases eBod and the analysis of the taken soil profiles are similar. At least, the soil type defined in 
eBod and the soil type according to the taken soil profile are situated closely together. Still, if the 
results from eBod are not conform with the soil profiles of the study area, it will be referred to the  
own analysed soil profiles. Further, in eBod humus form and humus content are defined. Humus 
form will be taken from eBod throughout this study while humus content will be compared with own 
measurements (see  chapter  3.7.). Generally,  soil  classification will  refer  to the Österreichische 
Bodensystematik (2000), however Braunerde will be described as cambisol, referring to the World 
reference base (cf. FAO, 2006). The Anmoor OLD.G is defined as Anmoor in the Österreichische 
Bodensystematik (2000) and will be described as such throughout the whole study. Generally, the 
soil of the four study parcels may be characterised as follows:
 
The meadow YOUNG.G is situated at the edge of gley and cambisol. In accordance with the taken 
soil profile YOUNG.G is described as a cambisol with being slightly gleyic in deeper soil layers.
The term camibsol refers to Braunerde, being described as showing a brown B-horizon due to iron 
oxide (cf. Österreichische Bodensystematik, 2000). Within eBod the humus form of this parcel is 
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defined as Mull (see chapter 1.4.7.), accounting for medium humus content. Still, after laboratory 
measurements, YOUNG.G would rather be described as low in humus content (see chapter 3.7.).
According to eBod FIELD may be defined as fen peat, being surrounded by a rather small gleyic 
bound,  followed  by  cambisol.  Still,  the  taken  soil  profile  shows  a  cambisol  with  peat  as  the 
occurring humus, surrounded by Anmoormull. However, while eBod states a high humus content in 
FIELD,  it  is  not  absolutely concomitant  with own laboratory measurements (see chapter  3.7.), 
showing  lower carbon contents.  
Similarly to FIELD the meadow OLD.G is situated at the edge of fen peat, gley and cambisol. 
However,  after  analysing  the  soil  profile  it  is  defined  as  Anmoor within  this  diploma  thesis. 
According  to  the  Österreichische  Bodensystematik  (2000) an  Anmoor is  classified  as  a 
hydromorphic soil. Hence, an excess of water leads to rather wet humus in the mineral soil and the 
Anmoor may contain 10 – 30 % of organic matter (cf. Österreichische Bodensystematik, 2000). 
Still, similarly to FIELD the Anmoor is situated where Anmoormull is defined as humus form, with 
peat next to it. In accordance with the laboratory results of TOC measurements (see chapter 3.7.) 
eBod describes the Anmoor as highly  humous. 
Forests are not classified in eBod, still, the surrounding area is defined as cambisol. In accordance 
with the taken soil profile from FOREST it is described as cambisol with the humus form Mull (see 
chapter 1.4.7.).  
2.6. Soil Samples
I took soil samples from four parcels from a farm in Upper Austria. My uncle, Franz Walzinger, is 
the owner of this farm and therefore, I was able to document the well  known land use history 
properly. The first sampling includes in each case ten samples from a grassland (OLD.G), a field 
(FIELD), a grassland that underwent a land use change from field to grassland (YOUNG.G) and a 
forest (FOREST). These 40 samples were taken in September 2010 while the latter samples were 
taken on 11 and 12 April 2011. Within the latter sampling a soil profile was taken in each parcel and 
soil samples were taken from each horizon.
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2.7. Description of the parcels 
YOUNG.G - young grassland, this meadow is closest to the farm of my uncle.  Therefore, it  is 
officially called Grünland Daheim, expressing that the meadow is situated at home. 
2.7.1. YOUNG.G
YOUNG.G is  described as a cambisol,  being slightly gleiyic in  deeper  soil  layers.  This  parcel 
became a meadow in 1978 and is still cultivated as such one. The approximate size of this study 
area is three hectares, situated at ca. 48°10'58,46” N latitude and 13°10'50,23” E longitude. The 
hight above sea level varies at 430 meters. The soil is described as  cambisol with an average 
humus amount41,  consisting of Mull. However, own laboratory measurements show relative low 
carbon, hence humus, contents (see chapter 3.7.).  YOUNG.G is mowed four times a year and 
manure  contributes  of  liquid  manure  and  slurry.  Ten  samples  were  taken  on  the  part  of  the 
meadow, that was held as a field before 1978. The soil profile, however, was taken on that part,  
where even before 1978 the meadow was cultivated as such one. Still, according to TOC content it  
is not distinguishable between soil samples taken on the part where the meadow is maintained 
since 1978 and the one where even longer a meadow was cultivated (see chapter 3.7.). Still, TOC 
contents are comparatively low regarding the fact, that a cambisol is generally rich in silt and clay 
(see chapter 4.).  Overall, silt and clay content account for more than 60 %, except two samples. 
Hence, TOC contents of YOUNG.G are surprisingly low. Fig. 5 shows the soil profile of YOUNG.G, 
describing a cambisol profile: A – Bv1 – Bv2.
41 http://gis.lebensministerium.at/eBOD/frames/index.php?&145=true&gui_id=eBOD   
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Fig. 5. Soil profile of YOUNG.G
2.7.2. FIELD
FIELD – the field is called Moosbach because it is situated close to the stream Moosbach, located 
in the borough Moosbach. Still, within this study it will be simply called FIELD.
Since 2005 this parcel occurs as a field with crop rotation. Before that time it was maintained as a 
meadow with  a size  of  1.26 hectares.  The field  is  situated at  a  height  of  430 meter  a.s.l.  at 
approximately 48°10'45,10” N latitude and 13°10'04,97 E longitude. After graving a soil profile in 
field FIELD (see Fig. 6) the soil is described as cambisol. However, within eBod42 the area of the 
field is reported as fen peat, at the edge of gley and cambisol. Further, this site is described as 
42 http://gis.lebensministerium.at/eBOD/frames/index.php?&146=true&gui_id=eBOD   
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strongly humous, existing of peat, surrounded by  Anmoormull43. Still,  the area next to FIELD is 
described as fluctuating between weak and high humous, that would rather be concomitant with 
the measured laboratory TOC contents. Furthermore, the crop rotation varies between triticale, 
winter barley, wheat, and oat. Due to the flat situation of the field itself, it is not exposed to erosion 
whereas it is surrounded by hilly slopes that can favour erosion and hence, slight accumulation 
around the field may occur. The FIELD is maintained as such for six years only, and still, TOC 
contents are higher than within the meadow YOUNG.G. Hence, the long term effects of grassland 
are still visible in TOC content although the field is ploughed and manured since 2005.  Still, the 
cambisol is similarly described as YOUNG.G, accounting for a A-Bv1-Bv2 horizon (see Fig. 6).
Fig. 6. Soil profile of FIELD
43 http://gis.lebensministerium.at/eBOD/frames/index.php?&145=true&gui_id=eBOD  
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OLD.G – this meadow is described as old grassland since it is maintained as a meadow much 
longer  than  YOUNG.G.  OLD.G  is  known  as  “Gasperlwiese”  but  will  be  described  as  OLD.G 
throughout the study.
2.7.3. OLD.G
This  parcel  of  a  size  of  six  hectares  is  situated at  approximately  48°10'28,24”  N latitude and 
13°10'21,23” E longitude,  with a height  a.s.l.  of  425 m. It  is  assumed that  the parcel used be 
forested until  a relative great clearing in this area in the late 17th century. Hence, the parcel is 
maintained as a meadow for approximately 300 years. According to eBod humus is described as 
peat  and  Anmoormull and is characterised as very humuos or can fluctuate between weak to 
strongly humuos. Equally to YOUNG.G this meadow is mowed four times a year and after every 
crop  liquid  manure or  slurry as natural  fertilisers are spread over  the meadow. While  the soil 
samples are taken throughout the meadow OLD.G, the soil profile is taken on the spot, that used to 
be a pathway. Before 1970 a pathway used to cross the meadow due to a neighbouring field, that 
was held by another farmer.  Hence,  the soil  profile is described as an anthropogenic affected 
Anmoor Generally, an Anmoor is characterised by high water content and SOM contents of 10 – 30 
% (cf. Österreichische Bodensystematik, 2000). Moreover, this parcel is considered to be of special 
interest  since  the  pathway  was  turned  in  grassland  in  approximately  1970.  Hence,  a  proper 
calculation of SOC accumulation within 40 years may be visible since the topsoil until a depth of 20 
cm may be younger than 40 years. Moreover, the Aa horizon is dark coloured (cf. Österreichische 
Bodensystematik, 2000) and it may be assumed that it is formed by micro-organisms. Generally, 
Aa horizons are known to oxide SOM slowly, implicating the dark colour or partially organic matter 
on the soil. Fig. 7 shows the soil profile of OLD.G, describing a A-Ay-Aa-Gr horizon.
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Fig. 7. Soil profile of OLD.G
2.7.4. FOREST
This approximately 63 acres huge forest was bought in 1937 and has retained a forest since that 
time. It is assumed that the forest exists for a much longer period, even centuries. It is situated at a 
hight of circa 480 meters a.s.l, 48°10'24,22” N latitude and 13°10'55,69” E longitude.  The forest 
consists first  and foremost  of  spruce [Picea abies],  pine trees [Pinus]  and deciduous trees as 
beech [Fagus sylvatica], birch [Betula pendula], oak trees [Quercus robur] and at the outer side 
wild cherry trees [Prunus avium L]. For personal use trees are used as construction timber (e.g. 
roof  framework  and  firewood).  FOREST can  be  described  as  a  selection  forest  with  natural 
regrowth.  Selection  forests  are  defined  as  timber  forests  with  different  tree  age  groups  and 
development  stages  next  to  each  other.  Permanent  regeneration  includes  coexistent  stand 
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regeneration,  stand tending and harvest.44 Moreover,  litter is remained in the forest in order to 
enhance humus accumulation. Since FOREST is dominated by conifer trees it may be assumed 
that some plant litter may remain untouched above the soil that could be acid-generating conifer 
litter forming raw humus (cf. Gleixner et al., 2009, p.233). Even more, Baritz et al. (2010) describe 
needle litter to acidify top soils, especially if  buffer capacity is low. That fact occurs typically in 
nutrient-poor sandy soils (cf. Baritz et al., 2010). However, within the study area sand contents vary 
between 26 and 82 % (see chapter 9.3.). Still, most of the litter-derived carbon that remains in the 
soil  is transformed to SOM by soil  organisms (Gleixner et al.,  2009). Moreover,  Gleixner et al. 
(2009)  describe effects  on litter  quality when comparing broad leaf  and conifer  forests.  While 
conifer-dominated  systems  tend  to  store  great  amounts  of  less-decomposed  plant  carbon, 
broadleaved forests rather store higher contents of carbon in deeper layers of the mineral soil.  
Hence,  that  carbon  is  more   protected against  disturbances  and  short-term climate  variability 
(Gleixner et al., 2009, p.261).  Fig. 8 shows the soil profile taken from FOREST: A-Bv1-Bv2. 
44 http://forestprot.silvaportal.info/forward.jsp?p_lang=uk&p_contrib=621   
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Fig. 8. Soil profile of FOREST 
2.8. Soil Sampling
2.8.1. Introduction
Taking soil samples for analyses in soil science requires a selection of the total sampling area. 
Within field research sampling is inevitable because measurements of the total sampling area are 
impossible. However,  the selected sampling method is crucial to the research design (cf. Carter et 
al., 2006).   
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2.8.2. Sampling method
The soil samples were taken on a random basis, that is most similar with the probability sampling 
method.  Within  this  method  two  distinct  sampling  designs  are  classified,  the  stratified  and 
nonstratified method. The latter one considers the study area as one homogeneous unit.45 
This  nonstratified  method  selects  sampling  points  at  random  locations.  Indeed,  the  chosen 
sampling pattern depends on the study site and sampling equipment (cf. Carter et al, 2006). 
Preparation
The selection of the random points was chosen before taking samples on September 2011. Goal of 
sampling  is  to  get  an  overview over  the  properties  in  the  study  area.  The  advantage  of  the 
probability  sampling,  that  is  the  randomized  sampling,  is  the  representativeness  of  the  total 
population and the independence of samples (cf. Carter et. al., 2006). 
Sampling
Undisturbed soil  samples from 0 – 20 cm depth were obtained with a spade. After sampling I 
directly put the samples into  plastic bags to avoid contamination and to keep them fresh.
Fig. 9. Taking soil samples
source: own photograph, Sep. 2010
45 http://www.hse.niordc.ir/uploads%5C86_106_Binder1.pdf  
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2.9. Statistical analyses
First,  40 samples were taken on a randomized design (see chapter 2.8.2.). Second,  the SOC 
laboratory results of the 40 samples were tested for normal distribution with a Shapiro-Wilk test  
(SPSS, 17). 
2.9.1. Data Analyses
The results of the Shapiro-Wilk test showed a normality within all four parcels. Hence, to analyse 
the variance between the parcels, the ANOVA test (see Tab. 2) was considered to be suitable. The 
results showed the following: The possibility, that there is no significant variance between the four 
parcels is 0.000. 
Tab. 2. One-factorial analysis of variance (ANOVA)
2.10. Methods
Results are described in dry mass in order to be able to compare different analyses and studies.  
Furthermore,  except  the  particle  size  analyses  (see  chapter  2.10.2.)  all  laboratory  tests  are 
performed  with  sieved  fine  soil  (<2mm).  Particle  size  was analysed  with  unsieved  samples. 
Moreover, all samples, except the ones for sieve analyses, were air-dried before being sieved and 
used for analyses. All results refer to 20 cm soil depth, if not differently expressed. 
2.10.1. Water content
In Day (2001, chap. 3) the water content (also known as moisture content) is described as the 
most common and simplest type of laboratory test.    
Test procedure
The test procedure is described as follows:
Place wet soil on a weighed petri dish and weigh it again. Dry the soil sample overnight (12 – 16 
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ANOVA
TOC
 Sum of Squares df Mean Square F Sig.
Between Groups 1410,158 3 470,053 10,224 ,000
Within Groups 1655,164 36 45,977
Total 3065,322 39
hours) at a temperature of 110°C  ± 5 °C (Day, 2001, p.27). After drying, weigh the soil sample 
again and calculate the water content gravimetically (cf. ÖNORM L1062). 
2.10.2. Particle Size 
Particle size (also discribed as grain size) distribution can be used to classify the soil. I used the 
sieve  analyses  in  order  to  distinguish  between  coarse  and  fine  soil.  For  further  distribution 
analyisis, in order to distinguish fine soil in sand, silt and clay, I used a Sedigraph. 
Sieve Analyses
According  to  ÖNORM  L  1061-2  (Physical  analyses  of  soils  –  Dermination  of  particle  size 
distribution in mineral soils – part 2: fine soil) four sieves are used to verify four different grain 
sizes. Thus, coarse soil is defined as having bigger particles than two millimeters. Further, sieves 
of 0.63 mm, 0.2 and 0.063 mm, respectively, are put together (see Fig. 10) and soil is wet sieved 
on a mechanical shaker.  Before performing the sieve analyses, I  took 100 grams of  each soil 
sample, put it into a dish and mixed the soil specimen with water. 
Test procedure 
In order to break adhesion of the soil sample, I added sodium pyrophosphate (Na4P2O7) to most of 
the samples before pouring them into the sieves. After soaking the sample has to be poured into 
the topmost sieve of the machanical shaker and water needs to be turned on. The wet sieving may 
take approximately 30 minutes to cause the soil particles to fall through the sieves until they are 
retained on the particular sieve. Hence, the soil particles are separated into different sizes (Day, 
2001, p.51). Furthermore, I manually washed the samples in order to ensure that all fine particles 
are washed off the granular soil. Moreover, manual washing dislodges soil particles that might be 
lodged in the openings. After that, I obtained the remainings of each sieve and put it in a weighed 
evaporating dish and ovendried at 105 °C. Subtracting the mass of the empty evaporating dish 
leads to the dry mass of soil particles retained on the sieves (see Fig. 11).
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Fig. 10. Mechanical shaker
source: own photograph, Sep. 2010
Fig. 11. Evaporating dishes with dried soil particles
source: own photograph, Sep. 2010
Sedigraph
In order to distribute fine soil, a Sedigraph III 5120 was used. The results are directly shown in 
particle sizes ranging from 63 – 20 µm, 20 – 6,3 µm, 6,3 – 2 µm and < 2 µm. 
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2.10.3. PH-value
In order to distinguish between active and exchangeable acidity, pH-value was determined in H20 
and CaCl2 (cf. Carter et al., 2006)
Test procedure 
10 grams per sample were mixed with H20 and CaCl2 and shaked for six hours. After that, the 
calibrated electrode rest in the sample solution until the measured pH-value on the display of the 
electrode stays constant. After every measurement the pH-electrode has to be shortly rinsed with 
distilled water.
Fig. 12. Preparation for pH-value analysis
source: own photograph, Sep. 2010
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Fig. 13. Shaker for vertical rotation
source: own photograph, Sep. 2010
2.10.4. Organic carbon content
In order to analyse soil organic carbon (SOC) I used a LECO RC612 (see Fig. 14). Further, SOC 
analyses were conducted with  the C N elementar  analyser  at  the university in  Vienna and in 
Rostock.
Only a few grams per sample are needed. Before shifting the container with the sample into a tube 
in LECO, it needs to be weighed. Inside the tube 550°C appear to burn all organic material and 
TOC results are directly shown in percent. 
Fig. 14. LECO RC612
source: own photograph, April 2010
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2.10.5. Soil bulk density
Soil  bulk  density  was  measured  with  two  different  methods  and  calculated  after  the  Adams 
equation (1973) from Post et al. (2000). To obtain data for soil bulk density within the topsoil I used 
the sand cone method whereas in each profile the soil bulk density was measured with a sample 
ring. 
Sand cone method 
Preparation
According to Day (2001, chap.11) the sand cone test consists of the following: The amount of soil  
that is excavated from a hole of the study area needs to be weighed. Further, that whole is refilled 
with sand. Important to know is the density of the sand and the exact amount filled into the hole. 
With these known parameters soil bulk density can be determined.  
Fig. 15. Sand cone method
source: own photograph, April 2010
Sample ring method 
According to Day (2001, chap.11, p.341) a sample ring with a known volume needs to be brought 
into the soil and carefully removed with a soil sample. After oven-drying at 105 °C the sample is 
weighed and soil bulk density can be conducted. 
2.10.6. Nitrogen (N)
Nitrogen was tested for Nt, ammonium and nitrate. While Nt was tested in the laboratory of the 
university of Rostock, ammonium and nitrate were tested with a photometer in the laboratory of the 
university of Vienna. The tests were performed with a colorimetric determination of ammonium.
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3. Results 
All samples refer to analysis from  the top 20 cm soil, if not differently expressed. 
3.1. Environmental parameters
Climate
In short, the region around the study area in Upper Austria receives a mid-euorpean transitional 
climate (see chapter 2.2.3.). Hence, most precipitation occurs in the summer with a mean annual 
precipitation of  893.1 mm46. Generally, the summer months are quite warm with a mean monthly 
temperature of 17°C to 18°C in July47. However, due to global warming a climatic shift in Europe is 
prospected (cf. Seneviratne et al., 2006). As a result of the increasing greenhouse gases Europe 
will  face  a  northward  shift  of  climate  regimes,  inferring  a  new transitional  zone.  According  to 
Seneviratne et al. (2006) the transitional zone will implicate a strong land-atmosphere coupling in 
central  and eastern Europe.  Further,  an enhanced interannual  variability of  European summer 
climate,  both  for  temperature  and  precipitation,  in  association  with  higher  risks  of  heatwaves, 
droughts and heavy precipitation is forecast. Results of the study from Seneviratne et al. (2006) 
show a shift of the region of the highest soil-moister-temperature coupling from the Mediterranean 
to central and eastern Europe. The predicted transitional zone consists similarly of the present 
climate of the Mediterranean.  
46 http://www.zamg.ac.at/fix/klima/oe71-00/klima2000/klimadaten_oesterreich_1971_frame1.htm    
47 http://www.westermann.at/downloads/klimawandel/Klima-Oesterreich_WW_DL2.pdf   
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3.2. Water content
Tab. 3. Water content
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soil sample depth in cm
OLD.G 1 20 116,76
OLD.G 2 20 69,27
OLD.G 3 20 230,82
OLD.G 4 20 241,34
OLD.G 5 20 178,79
OLD.G 6 20 215,39
OLD.G 7 20 72,50
OLD.G 8 20 57,71
OLD.G 9 20 58,83
OLD.G 10 20 76,46
YOUNG.G 1 20 29,96
YOUNG.G 2 20 52,97
YOUNG.G 3 20 38,00
YOUNG.G 4 20 33,83
YOUNG.G 5 20 31,79
YOUNG.G 6 20 38,91
YOUNG.G 7 20 31,52
YOUNG.G 8 20 38,35
YOUNG.G 9 20 41,23
YOUNG.G 10 20 35,88
FIELD 1 20 43,43
FIELD 2 20 37,70
FIELD 3 20 33,07
FIELD 4 20 37,15
FIELD 5 20 30,03
FIELD 6 20 27,79
FIELD 7 20 12,17
FIELD 8 20 31,35
FIELD 9 20 19,87
FIELD 10 20 25,35
FOREST 1 20 15,69
FOREST 2 20 23,58
FOREST 3 20 13,66
FOREST 4 20 33,76
FOREST 5 20 38,03
FOREST 6 20 18,61
FOREST 7 20 24,95
FOREST 8 20 46,90
FOREST 9 20 35,72
FOREST 10 20 28,87
water content 
in % dry mass
Tab. 3. shows the variation of the water content in 40 soil samples. The highest contents are found 
in OLD.G, that is desribed as Anmoor and typically shows high water contents (cf. Österreichische 
Bodensystematik,  2000).  While  the average water  content  of  YOUNG.G,  FIELD and FOREST 
contribute to 37.24 %,  29.79 % and 27.98 %, respectively, OLD.G shows a mean water content of 
131.79 % in dry mass. 
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3.3. Fine soil 
Fine soil is classified according to ÖNORM L1050, Österreichisches Texturdreieck (see chapter 
9.2.). 
Tab. 4. Description of soil types
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soil sample soil type
OLD.G 1 lT silty clay
OLD.G 2 L loam
OLD.G 3 lS loamy sand
OLD.G 4 lS loamy sand
OLD.G 5 lS   loamy sand
OLD.G 6 sL sandy loam
OLD.G 7 sL sandy loam
OLD.G 8 L    loam
OLD.G 9 L loam
OLD.G 10 sL sandy loam
YOUNG.G 1 sL sandy loam
YOUNG.G 2 lS   loamy sand
YOUNG.G 3 sL sandy loam
YOUNG.G 4 sL sandy loam
YOUNG.G 5 sL sandy loam
YOUNG.G 6 sL sandy loam
YOUNG.G 7 uL silt loam
YOUNG.G 8 uL   silt loam
YOUNG.G 9 sL sandy loam
YOUNG.G 10 sL sandy loam
FIELD 1 L loam
FIELD 2 sL sandy loam
FIELD 3 L loam
FIELD 4 sL sandy loam
FIELD 5 sL sandy loam
FIELD 6 sL sandy loam
FIELD 7 lS  loamy sand
FIELD 8 L  loam 
FIELD 9 lS  loamy sand
FIELD 10 sL sandy loam
FOREST 1 L    loam
FOREST 2 sL sandy loam
FOREST 3 uL   silt loam
FOREST 4 sL sandy loam
FOREST 5 lS   loamy sand
FOREST 6 L loam 
FOREST 7 sL sandy loam
FOREST 8 sL sandy loam
FOREST 9 lS loamy sand
FOREST 10 sL sandy loam
short 
description 
of soil type
Soil  types  are  characterised  by  ÖNORM L1050;  overall,  soil  types  of  YOUNG.G,  FIELD and 
FOREST are  characterised  as  sandy  loam.  Within  ten  soil  samples,  YOUNG.G  shows  three 
deviations from sandy loam, that is loamy sand and silt loam in sample 2, 7 and 8, respectively. 
FIELD is  defined  as  sandy  loam  in  five  of  the  ten  samples,  while  loam  contributes  to  three 
samples, that is sample 1, 3 and 8. Sample number 7 and 9 are characterised as loamy sand. 
Further, in FOREST five samples show sandy loam characterisation while sample number 4 and 9 
are defined as sandy loam. Moreover, sample number 1 and 6 account for characterisation loam. 
OLD.G, however, is differently characterised, showing loamy sand in sample 3, 4 and 5 and sandy 
loam in sample 6, 7 and 10. Sample 2, 8 and 9 are characterised as loam and sample 1 as silty 
clay.  
3.4. Distribution of fine soil  
Tab. 5. Soil types of soil profiles
Tab. 5. shows the distribution of fine soil in the study area. The highest sand contents are found in 
OLD.G, contributing to a mean sand content of 49.15 % while the lowest sand contents may be 
described in  YOUNG.G,  ranging from 13.91 % to  58.81 % with  a  mean of  31.16 %.  On the 
contrary, YOUNG.G shows the highest silt contents (a mean of 45.62 %) and OLD.G the lowest 
with a mean of 27.31 %.  Clay contents vary between a mean of 20.85 % (FOREST) and 23.28 % 
in OLD.G. 
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soil sample soil type
OLD.G A L loam
OLD.G Ay sL sandy loam
OLD.G Aa lS loamy sand
OLD.G Gr S sand
YOUNG.G A L loam
YOUNG.G Bv1 uL silty clay loam
YOUNG.G Bv2 lT silty clay
FIELD A L loam
FIELD Bv1 S sand
FIELD Bv2 S sand
FOREST A lS loamy sand
FOREST A-B lS loamy sand
FOREST Bv1 sL sandy loam
FOREST Bv2 sL sandy loam
short 
description 
of soil type
3.5. Soil bulk density 
According to the Adams equation (1973),  found in  Post  and Kwon (2000)  soil  bulk  density is 
described as follows:
Tab. 6. Soil bulk density
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soil sample
OLD.G 1 0.65
OLD.G 2 0.99
OLD.G 3 0.38
OLD.G 4 0.34
OLD.G 5 0.52
OLD.G 6 0.46
OLD.G 7 0.74
OLD.G 8 1.00
OLD.G 9 0.97
OLD.G 10 1.08
YOUNG.G 1 1.33
YOUNG.G 2 1.20
YOUNG.G 3 1.24
YOUNG.G 4 1.26
YOUNG.G 5 1.29
YOUNG.G 6 1.32
YOUNG.G 7 1.31
YOUNG.G 8 1.35
YOUNG.G 9 1.15
YOUNG.G 10 1.25
FIELD MOOS 1 1.14
FIELD MOOS 2 1.10
FIELD MOOS 3 1.11
FIELD MOOS 4 1.13
FIELD MOOS 5 1.16
FIELD MOOS 6 1.17
FIELD MOOS 7 1.14
FIELD MOOS 8 1.12
FIELD MOOS 9 1.06
FIELD MOOS 10 1.25
FOREST 1 0.75
FOREST 2 1.02
FOREST 3 1.10
FOREST 4 0.66
FOREST 5 0.67
FOREST 6 1.10
FOREST 7 0.49
FOREST 8 0.71
FOREST 9 0.57
FOREST 10 0.60
bulk 
density 
g/cm³
Comparing soil bulk density within the four parcels differences occur. While OLD.G and FOREST 
show a relatively low bulk density, YOUNG.G and FIELD contribute to mean BD contents of 1.27 
g/cm³ and 1.14 g/cm³, respectively. Mean bulk density content of OLD.G and FOREST accounts 
for 0.71 g/cm³  and 0.77 g/cm³, respectively. Still, the low BD values of OLD.G and FOREST are 
concomitant with the rather high organic carbon content (see chapter 3.7.). 
Soil bulk density in soil profiles
Results of soil bulk density in the soil profiles according to the Adams equation (1973), found in 
Post and Kwon (2000):
 Tab. 7. Soil bulk density according to Adams equation
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soil sample
OLD.G A 0,97
OLD.G Ay 1,01
OLD.G Aa 0,80
OLD.G Gr 1,30
YOUNG.G A 1,22
YOUNG.G Bv1 1,54
YOUNG.G Bv2 1,61
FIELD MOOS A 1,25
FIELD MOOS Bv1 1,52
FIELD MOOS Bv2 1,60
FOREST A 0,84
FOREST A-B 0,90
FOREST Bv1 1,33
FOREST Bv2 1,52
bulk 
density 
g/cm³
Tab. 8. Sample ring test
Results of soil bulk density vary severely between the Adams equation and the sample ring test. 
Reasons may be occurring  errors while  taking soil  samples  (see  chapter  2.10.5.).  Hence,  for 
further calculation results of the Adams equation are consulted. 
Soil bulk density is also measured with the Sand cone test (cf. Day, 2001):
Tab. 9. Sand cone test 
Comparing soil  bulk density results from the sand cone test  with the Adams equation,  severe 
differences occur. Still, for further comparison and interpretation the equation according to Adams 
(1973) will be retained. The sand cone test is expressed in chapter. 2.10.5.
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soil sample
OLD.G 1 2,24
OLD.G 2 1,77
YOUNG.G 1 1,99
YOUNG.G 2 1,93
FIELD MOOS 1 2,06
FIELD MOOS 2 1,89
FOREST 1 0,92
FOREST 2 0,48
bulk 
density 
g/cm³
soil sample
OLD.G A 0,73
OLD.G Aa 0,91
OLD.G Gr 0,96
YOUNG.G A 1,04
YOUNG.G Bv1 1,01
GDBv  0,96
YOUNG.G Bv2 1,17
FIELD MOOS A 0,83
FIELD MOOS Bv1 1,23
FIELD MOOSBv2 1,41
FOREST A 0,68
FOREST Bv1 1,22
FOREST Bv2 1,01
bulk 
density 
g/cm³
3.6. PH-value contents
 PH-value is tested in 40 samples with CaCl2 and deionized H20:
Tab. 10. PH-value
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pH-value
OLD.G 1 4,9 5,3
OLD.G 2 5,1 5,6
OLD.G 3 5,0 5,4
OLD.G 4 4,6 5,0
OLD.G 5 4,8 5,3
OLD.G 6 4,9 5,4
OLD.G 7 4,9 5,5
OLD.G 8 5,0 5,4
OLD.G 9 4,9 5,3
OLD.G 10 4,7 5,2
YOUNG.G 1 5,0 5,6
YOUNG.G 2 4,8 5,5
YOUNG.G 3 5,0 5,9
YOUNG.G 4 5,1 5,7
YOUNG.G 5 5,1 5,7
YOUNG.G 6 5,3 5,8
YOUNG.G 7 4,7 5,6
YOUNG.G 7´8 5,0 5,7
YOUNG.G 9 6,3 6,6
YOUNG.G 10 6,2 6,5
FIELD MOOS 1 5,1 5,5
FIELD MOOS 2 4,3 5,0
FIELD MOOS 3 4,9 5,4
FIELD MOOS 4 4,6 5,2
FIELD MOOS 5 4,5 5,0
FIELD MOOS 6 4,8 5,8
FIELD MOOS 7 4,3 5,0
FIELD MOOS 8 4,6 5,1
FIELD MOOS 9 4,3 4,7
FIELD MOOS 10 4,8 5,2
FOREST 1 3,0 3,6
FOREST 2 3,3 3,9
FOREST 3 3,4 4,0
FOREST 4 3,0 3,5
FOREST 5 3,1 3,6
FOREST 6 3,4 3,9
FOREST 7 3,1 3,5
FOREST 8 3,1 2,8
FOREST 9 2,9 3,5
FOREST 10 3,3 3,7
CaCl2
De-ionized 
H2O
Usually,  within soil  science pH-values are analysed with CaCl2 and H20 in order to distinguish 
between active and exchangeable acidity. PH-values are generally low within the study area. Still, 
within the parcels they do not vary severely. While pH-values in OLD.G vary between 5.0 and 5.6 
when analysed with de-ionised H20, variations in YOUNG.G are slightly greater, ranging from 5.5. 
to 6.6. FIELD shows variations between 4.7 and 5.8 within the H20 analysis.  Still,  even higher 
fluctuations are found in FOREST, with pH-values ranging from 2.8 to 4.0. 
Results of pH-value contents in CaCl2 and deionized H20 in the soil profiles:
Tab. 11. PH-value of soil profiles
PH-values within the soil profiles are in accordance with pH-values from the upper soil. Hence, 
OLD.G, YOUNG.G and FIELD show pH-values of 5.7 in the A-horizon, whereat FOREST shows a 
lower pH-value of 3.7. Generally, pH-values do not vary severely within the horizons. FOREST and 
YOUNG.G, however, show higher pH-values in the Bv horizons than in the A horizon. PH-value in 
FIELD retains at 5.7 throughout the soil profile while pH-values in OLD.G vary between 5.4 and 
5.9.    
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pH-value
OLD.G A 5,3 5,7
OLD.G Ay 5,1 5,9
OLD.G Aa 4,8 5,7
OLD.G Gr 4,3 5,4
YOUNG.G A 5,0 5,7
YOUNG.G Bv1 5,1 6,3
YOUNG.G Bv2 5,1 6,3
FIELD MOOS A 4,9 5,7
FIELD MOOS Bv1 4,7 5,7
FIELD MOOS Bv2 4,6 5,7
FOREST A 3,0 3,7
FOREST A-B 2,9 3,7
FOREST Bv1 3,9 4,6
FOREST Bv2 4,0 4,6
CaCl2
De-ionized 
H2O
3.7. Total organic carbon 
Tab. 12. TOC (%) content, C (kg/m²) and OM (t/ha) content of 40 soil samples
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soil sample TOC % OM % C kg/m² OM t/ha Water %
OLD.G
15.32 26.41 18.38 316.94 21.33
6.66 11.48 7.99 137.78 9.31
33.06 56.99 39.67 683.84 39.19
38.18 65.82 45.82 789.87 44.22
22.01 37.95 26.41 455.38 26.94
26.09 44.97 31.30 539.65 31.58
12.20 21.03 14.64 252.39 16.30
6.55 11.29 7.86 135.46 11.45
7.07 12.20 8.49 146.36 12.06
5.26 9.06 6.31 108.73 10.02
YOUNG.G
2.34 4.04 2.81 48.44 4.83
3.68 6.34 4.42 76.12 7.00
3.28 5.65 3.93 67.77 5.96
3.08 5.31 3.69 63.68 5.78
2.71 4.67 3.25 56.06 5.54
2.46 4.23 2.95 50.80 5.30
2.53 4.36 3.04 52.34 5.42
2.16 3.73 2.59 44.73 4.95
4.27 7.36 5.12 88.34 7.55
3.21 5.53 3.85 66.31 6.40
FIELD 
4.46 7.69 5.35 92.24 9.02
4.96 8.54 5.95 102.53 8.78
4.81 8.29 5.77 99.50 9.18
4.62 7.96 5.54 95.53 8.00
4.14 7.13 4.96 85.56 7.92
4.04 6.97 4.85 83.60 7.96
4.39 7.56 5.26 90.76 6.69
4.71 8.12 5.65 97.47 9.06
5.58 9.62 6.70 115.49 8.29
3.11 5.36 3.73 64.36 6.09
FOREST
12.03 20.74 14.44 248.94 13.97
6.16 10.61 7.39 127.34 8.47
4.96 8.56 5.96 102.71 7.36
14.88 25.65 17.85 307.82 17.08
14.60 25.18 17.52 302.11 17.20
4.97 8.57 5.97 102.87 7.45
23.64 40.76 28.37 489.06 25.12
13.42 23.13 16.10 277.57 15.39
19.10 32.92 22.92 395.10 21.10
17.72 30.55 21.26 366.55 20.47
TOC contents vary significantly within the study area while they do not vary greatly within each 
parcel. Thus, FIELD shows TOC contents ranging from 3.11 % to 5.58 % while TOC contents in 
YOUNG.G  vary  between  2.16  % and  4.27  %.  However,  OLD.G  and  FOREST show greater 
fluctuations with TOC contents ranging from 5.26 % to 38.18 % in OLD.G and from 4.96 % to 
23.64 % in FOREST.  
Results of TOC content and OM content of the soil profiles:
Tab. 13. TOC and OM content of soil profiles 
Generally TOC contents decline severely with soil  depth. OLD.G, however, shows variations in 
TOC contents, that is explained by the anthropogenic impact since a pathway used to cross the 
parcel where some of the samples are taken (see chapter 2.7.3.). Hence, the Aa horizons shows 
the highest TOC content of 10.64 % and the Gr horizon the lowest content of 2.62 % TOC. Still, the 
other  soil  samples  show significant  declines  in  TOC content  with  depth.  While  TOC contents 
decrease from 3.46 % in YOUNG.A to 0.21 % in YOUNG.Bv2,  similar decreasing contents are 
found in FIELD, ranging from 3.16 % in the A-horizon to 0.28 % in the Bv2 horizon. FOREST even 
shows higher variations, with FOREST A accounting for 9.64 % and FOREST Bv2 0.82 %. 
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soil sample TOC % OM % C kg/m² OM t/ha Water %
OLD.G A 7,09 12,22 8,51 146,65 10441,00
OLD.G Ay 6,28 10,83 7,53 129,90 8.9943
OLD.G Aa 10,64 18,34 12,77 220,10 12838,00
OLD.G Gr 2,62 4,51 3,14 54,10 3.3974
YOUNG.G A 3,46 5,96 4,15 71,50 4.3588
0,66 1,14 0,80 13,73 2.7873
0,21 0,36 0,25 4,35 2.6541
FIELD A 3,16 5,44 3,79 65,33 5.2287
FIELD Bv1 0,78 1,34 0,94 16,12 0.55501
FIELD Bv2 0,28 0,49 0,34 5,86 -0.02380
FOREST A 9,64 16,63 11,57 199,52 9.7687
FOREST A-B 8,44 14,55 10,13 174,58 8.9672
2,41 4,15 2,89 49,83 2.9900
0,82 1,41 0,98 16,92 1.7087
YOUNG.G Bv1
YOUNG.G Bv2
FOREST Bv1
FOREST Bv2
3.8. Ammonium content 
Results of ammonium content in samples of soil profiles 
Tab. 14. Ammonium content of soil profiles 
Overall, ammonium contents decline with depth. The highest ammonium concentrations are found 
in  the  A horizons,  ranging  from 0.6,  0.9,  0.8  and 0.8  mg/l  in  YOUNG.G,  FIELD,  OLD.G and 
FOREST, respectively. 
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soil sample
YOUNG.G A 0.60
0.50
0.10
FIELD A 0.90
FIELD Bv1 0.70
FIELD Bv2 0.60
OLD.G A 0.80
OLD.G Ay 0.70
OLD.G Aa 0.50
OLD.G Gr 0.40
FOREST A 0.80
FOREST A-B 0.60
0.60
Ammonium 
mg/l
YOUNG.G Bv1
YOUNG.G Bv2
FOREST Bv1
3.9. C/N ratio 
Results of samples of soil profiles:
Tab. 15. C/N ratio of soil profiles 
The C/N ratio of the soil profiles generally decreases with soil depth. Still, severe differences occur 
when comparing YOUNG.G and FIELD with FOREST and OLD.G. YOUNG.G shows C/N ratios of 
7.69 in the A horizon, decreasing to 3.27 in the Bv2 horizon. Similar to YOUNG.G FIELD accounts 
for a C/N ratio of 8.67 in the A horizon and of 6.83 in the Bv2 horizon. Still, FOREST A contributes 
to  a  C/N  ratio  of  19.0  while  FOREST Bv2 still  shows  a  C/N  ratio  of  7.93.  OLD.G  is  not  in 
accordance with the other soil samples due to the anthropogenic affect due to the former pathway 
(see chapter 2.7.3.). Still, a C/N ratio of 20.93 was found in OLD.G Aa, decreasing to a ratio of  
13.81 in OLD.G Gr. 
3.10. Common errors
Generally, within soil testing a calibrated scale is of high importance. Furthermore, typical errors, 
that is inter alia loss of soil within testing and contamination of the soil sample, may occur. 
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soil sample C/N ratio
OLD.G A 9.27
OLD.G Ay 15.58
OLD.G Aa 20.93
OLD.G Gr 13.81
YOUNG.G A 7.69
YOUNG.G Bv1 5.11
YOUNG.G Bv2 3.27
FIELD A 8.67
FIELD Bv1 7.26
FIELD Bv2 6.83
FOREST A 19.00
FOREST A-B 16.93
FOREST Bv1 14.32
FOREST Bv2 7.93
4. Discussion
Within the four parcels of the study area differences in soil types are expressed first and foremost 
via soil texture (see chapter 9.3.) and inter alia soil bulk density (see chapter 3.5.) and hence, TOC 
content  (see chapter 3.7.). While YOUNG.G, FOREST and FIELD are described as cambisols, 
OLD.G is reported as an anthropogenic affected Anmoor Within the cambisols of the study area, 
soil is classified first and foremost as sandy loam (see Tab. 4.), whereat the Anmoor contributes to 
sandy loam, loam, loamy sand and silty clay.  Even more,  YOUNG.G and FIELD show similar 
values in soil texture whereat the Anmoor OLD.G shows the highest sand and lowest silt content. 
In general, sandy soils are not accompanied by high carbon contents. However, YOUNG.G with a 
relative low amount of sand shows relative low carbon contents. Sand contents of YOUNG.G vary 
between 13.91 and 58.81 % with a mean of 31.16 %, contributing for the lowest sand content 
within the study area. However, FIELD, showing a mean sand content of 43.20 % (ranging from 
16.40 – 72.40 % sand content), accounts for a higher carbon content than YOUNG.G. Moreover, 
FOREST accounts for a lower mean sand content than FIELD, contributing to 37.12 %. Thus, while 
FIELD and FOREST show a higher sand content than YOUNG.G, they still have a higher SOC 
content. Generally, SOM content increases with clay content, i.e. fine textured soils, and may be 
two to four times greater than in course textured, that is sandy, soils (cf. Bot et al., 2005). However, 
Six et al. (2002, p.159) report a study in which sand-associated carbon accounted for the majority 
of the total soil carbon. Still, while YOUNG.G shows a mean fine soil content of 31.16 %, FIELD 
and FOREST contribute to 43.20 % and 37.12 %, respectively. Even more, YOUNG.G shows low 
carbon contents regarding soil texture, that is an average of 2.97 % TOC in ten samples while 
FIELD and  FOREST show a mean TOC concentration  of  4.48  % and 13.15  %,  respectively. 
Hence, in FOREST the association between low sand contents and high carbon contents is clearly 
visible. Furthermore, YOUNG.G shows comparatively high silt and clay contents (see chapter 9.3.) 
that generally enhance carbon storage. Thus, Degryze et al. (2004) show a greater potential of C 
accumulation within the mineral-associated OM fraction in successional or afforested (that is high-
clay)  systems  than  in  low  clay  such  as  native  forest  soils.  Therefore,  the  relative  carbon 
concentration in silt and clay fractions may be six times larger within a native forest than with the 
other, above mentioned, treatments (cf. Degryze et al., 2004). Indeed, Degryze et al. (2004) found 
that carbon changes sensitively influence the total fine intra-POM and the free light POM fraction 
within  afforested  systems  while  in  successional  systems  mineral-associated  OM  is  the  most 
sensitive fraction to carbon changes. According to Degryze et al. (2004) these differences result in 
ecosystem-specific  factors  that  may  play  a  role  in  carbon  storage  processes.  Moreover,  free 
microaggregates are assumed to be of high importance within SOC sequestration. Degryze et al. 
(2004) claim that soil aggregates highly protect SOM. Still, the relationship between soil aggregate 
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regeneration after cultivation and soil carbon with aggregates shows differences in recovery time. 
While soil regeneration starts relatively fast when cultivation and annual cropping were stopped, 
aggregate C could only recover slowly. Moreover, that shows the potential of C protection inside 
aggregates on the one side, but on the other side, it  becomes visible that C sequestration by 
occlusion tends to be a slow phenomenon (Degryze et al., 2004, p.1129). In Six et al. (2002, p.159) 
larger silt-sized aggregates (20–50 μm) may have more carbon per unit material since additional 
carbon  binds  the  primary  organomineral  complexes  into  silt-sized  aggregates.  Generally, 
aggregation positively influences soil carbon sequestration (cf. Six et al., 2002). Therefore, Six et 
al.  (2002) state the negative influence of  cultivation through breaking C-rich macroaggregates, 
resulting in C-poor microaggregates. Hence, it is the microaggregates (<250 μm) that are assumed 
to have a special  influence on SOM protection.  Moreover,  Six et  al.  (2002) have defined four 
different SOM pools, with their own stabilizing mechanisms, that may overlap each other. Still, the 
relative high carbon contents (see Tab. 12.) within FIELD trace back to the time FIELD was held as 
a meadow, hence before 2005. On the contrary, YOUNG.G shows a relative low carbon content 
although it is maintained as a meadow for 33 years. Both, YOUNG.G and FIELD do presumingly 
not show their full carbon content figures after their equilibrium was disturbed in 1978 and 2005, 
respectively. Still,  while a minimal soil cultivation requires at least 14 years (Stahr et al.,  2008, 
p.286) to show a new carbon equilibrium, conventional farming may be assumed to require more 
time.  However,  Chen et  al.  (2009)  describe a  period of  approximately 100 years  that  soils  in 
Europe necessitate to reach their new steady state after land use change. Still, the relative high silt 
and clay content within YOUNG.G may generally enhance carbon. Hence, the low carbon content 
of YOUNG.G is surprising and even more, the effects of field management before 1978 are still  
visible. As reported by Lal (2004) and Rosenberg et al. (2001) tillage effects on SOC require a 
better understanding. Since land use history and soil management of the study area are very well 
known, differences of soil parameters may be thoroughly discussed and distinguished. Still, while 
carbon cannot fully recover after land use conversion in many cases (cf. Guo et al., 2002), a two 
third recovery of the C loss may be achievable according to Rosenberg et al. (2001). Even more, 
carbon contents in  YOUNG.G may increase by 19 % after  land-use change from pasture,  as 
reported  by  Martens  et  al.  (2003).  On  the  contrary,  FIELD  still  profits  from  the  time  it  was 
maintained as grassland, but according to Martens et al. (2003) a carbon decline of 59 % may be 
expected with time. Moreover, Gleixner et al. (2009) report a peak of soil C loss from 30 to 50 
years after conversion from pasture to crop and a slight recovery after that. Thus, carbon contents 
of FIELD may decline the following years. Still, Martens et al.'s (2003) study was conducted in a 
loess  soil  prairie  with  a  Typic  Argiudoll  while  this  diploma thesis  observes  cambisols  and  an 
Anmoor in the temperate climate zone.  Indeed, Martens et al.  (2003) describe a mean annual 
summer air temperature of 23.9°C in their study while the mean temperature in July in the study 
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area contributes to 17°C to 18°C. Thus, differences in SOC sequestration may occur while the 
overall carbon change is certainly concomitant within land use change. Still, warmer temperatures 
may enhance mineralization and hence, lead to SOC loss. Furthermore, soils that act as a C sink, 
may become a net C source as temperature increases as forecast (cf. Lal, 2004). However, within 
YOUNG.G the tillage effect may still be visible after 33 years of recovery. Moreover, C contents of 
YOUNG.G demonstrate that SOC accumulation is a long term process. Thus, in case of YOUNG.G 
33 years of grassland seem to be a too short time period for full SOC accumulation. While the 
mean silt and clay content in YOUNG.G contributes to more than 68 %, FIELD and FOREST show 
a mean content of approximately 56 % and 62 %, respectively. As a matter of fact, Martens et al. 
(2003) describe tillage to be responsible for the negated contribution of plant residue C to SOC. In 
fact,  time  after  cultivation  change  is  relevant  when  interpreting  YOUNG.G and  FIELD carbon 
content. Carbon contents in YOUNG.G vary from 5.84 C kg/m² to 9.86 C kg/m², while FIELD and 
FOREST contribute to C contents between 7.81 C kg/m² and 11.81 C kg/m², and 10.93 C kg/m² 
and 23.27 C kg/m², respectively. OLD.G, however, shows values between 11.35 C kg/m² and 26.28 
C kg/m². Still, such high carbon contents have to be treated with caution. While the carbon values 
from OLD.G 1,  OLD.G 2,  OLD.G 7,  OLD.G 8,  OLD.G 9 and OLD.G 10 are found typically in 
Anmoors (see 1.4.5.), the values from OLD.G 3, OLD.G 4, OLD.G 5 and OLD.G 6 may contain 
Anmoor soil. Still, it may be assumed that the former pathway through the grassland has a great 
influence. Presumingly, soil samples are taken from parts of the parcel that were not influenced by 
the pathway and others that were. Even more, it is expected that soil samples from the upper soil 
include carbon contents from underneath the former pathway. Since soil samples are taken from 
the upper 20 cm, some samples include the A horizon and may probably also contain carbon 
contents from the Ay horizon or even lower. The high carbon contents of OLD.G 3, OLD.G 4, 
OLD.G 5 and OLD.G 6 suggest that Anmoor soil is included in the soil sample. 
Post et al. (2000) describe a SOC accumulation rate of 110.0 g C m²/year after a conversion from 
cropland to grassland in the surface 300 cm. Still, it is assumed that that these rates will decline 
with  time  (cf.  Post  et  all,  2000).  YOUNG.G  and  FIELD  very  likely  are  temporarily  not  in  an 
equilibrium.  Hence,  C  contents  in  YOUNG.G  may  increase  the  following  years  while  carbon 
contents in FIELD may tend to decrease due to cultivation and tillage management. Regarding 
TOC contents FOREST shows the potential of SOC storage of a rather undisturbed cambisol. Still, 
carbon content of FOREST is generally equal with the carbon content in OLD.G, but soil types are 
crucial when comparing carbon content and carbon storage potential. FOREST in a cambisol soil 
shows the highest C contents within cambisols of the study area. Hence, after at least 74 years of 
only limited disturbance (see 2.4.7.) a forest soil has reached its equilibrium and shows a high C 
storage potential.  Still,  Guo et al.  (2002) hypothesize that pine roots may be able to stimulate 
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decomposition of litter and SOM and therefore, reduce carbon input into soil.  Since pine trees 
dominate in this study area it may be taken into account when interpreting TOC values. Further, as 
explained in chapter 1.4.7. broadleaf trees may store more SOC than conifer trees, hence, even 
more C could be stored in FOREST if broadleaf trees dominated this forest.  Since FOREST is 
maintained as a forest for at least 74 years the actual TOC values can be assumed to be definite.  
Hence, the current carbon sequestration of 111.49 C t in FOREST may only increase minimally in 
future years. The anthropogenic affected Anmoor in OLD.G generally shows a high carbon content. 
Still, the higher C contents may rather infer the general higher carbon storage within an Anmoor in 
comparison to a cambisol. Indeed, OLD.G is described as sandy and maintained as a meadow for 
a very long time. Still, the current carbon sequestration within the top soil accounts for 1,127.19 C 
t.  Thus,  as  shown  in  Tab.  13.  the  A horizon  as  well  as  the  Ay  horizon  represent  a  carbon 
sequestration of 41 years, since the former pathway was not used anymore since 1970. Carbon 
content in the A horizon contributes to 8.51 C kg/m² and in the Ay horizon to 7.53 C kg/m². Hence, 
a carbon accumulation of 16.04 C kg/m² is reported within 41 years, that is a carbon accumulation 
of 391 g/m² in one year. The pathway is assumed to have contributed to approximately 1,050 m².  
Hence, the accumulation of carbon within 41 years accounts for 16.84 tons, that is an annual 
increase of 411 C kg tons. Generally, it may be assumed that in OLD.G an equilibrium exists, at 
least in the parts, that were not influenced by the pathway. Hence, the differences in soil type and 
land use history of OLD.G and YOUNG.G do not allow simple carbon content comparison. Still, 
YOUNG.G  shows  surprisingly  low  carbon  contents  while  OLD.G  contributes  to  high  carbon 
contents, typically for Anmoor 
Tab. 16. represents the total carbon content of the study area. While OLD.G shows the highest 
carbon storage of 1,127.19 C tons, FOREST accounts for the lowest carbon content of 111.49 
tons. The relative low amount is explained by the relative small area of FOREST, since mean 
carbon content of FOREST contributes to 17.70 kg/m², hence the second largest mean carbon 
content within the study area. The total carbon content in the study area accounts for 1,590.93 C 
tons, that is 5,838.71 tons CO2 equivalent.     
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Tab. 16. Total carbon storage in study area
Soil  bulk density is described as an important parameter of a soil.  While Suuster et al.  (2011) 
calculate with oven-dry soil bulk density, the Adams equation, found in Post et al. (2000) requires 
OM data. Water content of OM data within this study is cited separately (see chapter 3.2.).  First 
and foremost, the low BD content of OLD.G and FOREST are explained with the relatively high 
TOC contents (see Tab. 12.) in comparison to YOUNG.G and FIELD. Soil bulk density in OLD.G 
varies between 0.34 g/cm³ and 1.08 g/cm³ and in FOREST between 0.49 g/cm³ and 1.10 g/cm³. In 
YOUNG.G and FIELD soil bulk density is higher, ranging from 1.15 g/cm³ to 1.35 g/cm³ and from 
1.06 g/cm³ to 1.25 g/cm³, respectively. Thus, humus is characterised by a bulk density of 0.6 g/cm³ 
48 while a typical field in Austria is assumed to account for a bulk density of  1.5 g/cm³ 49. Hence, 
TOC content  declines  with  increasing bulk  density and vice  versa.  In  overall  accordance with 
Suuster et al. (2011) soil bulk density increases with sampling depths within this study (see chapter 
3.5.). Apart from OLD.G bulk density increases in all other soil profiles, hence cambisols horizons. 
Actually, within YOUNG.G bulk density increases from 1.22 g/cm³ in the A horizon to 1.61 g/cm³ in 
the Bv horizon, within FIELD from 1.25 g/cm³ to 1.60 g/cm³ and within FOREST from 0.84 g/cm³ to 
1.52  g/cm³. However,  within  OLD.G soil  bulk  density  increases  from the  A horizon  to  the  Ay 
horizon, that is from 0.97 g/cm³  to 1.01 g/cm³ and declines in the Aa horizon to 0.80 g/cm³. Still,  
from the Aa horizon to the Gr horizon, bulk density increases to 1.30 g/cm³. Contrarily to carbon 
content, water content has a significant decreasing effect on BD (cf. Suuster et al., 2011). Gisi 
(1997) reports porosity as a factor of bulk density that closely associates with root capability of a 
soil. 
 
Nitrate was measured in four of the soil samples (not shown) but was not found in any of them.  
Hence, further observation was taken in ammonium. In all soil samples ammonium contents vary 
slightly and decrease with depth. The highest ammonium contents are found in FIELD with data 
ranging from 0.9 mg/l in the A horizon, decreasing to 0.6 mg/l in the Bv horizon. Similar to FIELD 
48 http://www.univie.ac.at/physiogeographisches_labor/files/ergaenzung_bodenwasser.pdf   
49 http://www.bmlfuw.gv.at/article/articleview/63603/1/4989   
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soil sample area in ha
OLD.G 18.79 6.00 1127.19
YOUNG.G 7.48 3.00 224.36
FIELD 10.15 1.26 127.89
FOREST 17.70 0.63 111.49
Carbon storage in ton in total study area 1590.93
mean carbon 
content kg/m²
carbon content 
per parcel
ammonium values decline from 0.8 mg/l (A horizon) to 0.4 mg/l (Bv horizon) in OLD.G and from 0.8 
gm/l (A horizon) to 0.6 mg/l (Bv horizon) in FOREST. YOUNG.G shows an ammonium content of 
0.6 mg/l in the A horizon, decreasing to 0.1 mg/l in the Bv horizon. 
In general, C/N ratio describes the amount of nitrogen appearing in organic matter. (cf. Stahr et al.,  
2008,  chap.  4.7.).  De  Vries  et  al.  (2001, p.53) define  the  C/N  ratio  as  the  degree  of  net  N 
mineralization in the humus layer. Actually, organic matter, being rich in N, may have a C/N ratio 
between 6 and 10, whereas a C/N ratio within N-poor OM may account for more than 25 (cf. Stahr 
et al., 2008, chap. 4.7.). Still, while litter converses to humus CO2 vanishes in greater amounts than 
N. Hence, more N can accumulate and the C/N ratio appears to be closer. Data about C/N ratios 
vary severely. De Vries et al. (2001) describe mineralization to start with C/N ratios from 20 – 30. 
While C/N ratios within FAO-UNESCO soils vary between 9.9 and 29.8, Martens et al.  (2003) 
describe a consistent nature of C/N ratios for SOM to be 10 – 12. C/N ratios within the study vary 
between 3.27 (YOUNG.G) and 20.93 (OLD.G). The highest C/N rations are found in OLD.G and 
FOREST, whereat C/N ratios in YOUNG.G and FIELD are generally lower, ranging from 7.69 to 
3.27 and from 8.67 to 6.83, respectively.  FOREST shows C/N ratios ranging from 19 in the A 
horizon  to  7.93  in  the  Bv  horizon.  OLD.G,  shows  the  highest  C/N  ratios,  varying  with  depth 
between 9.27, 20.93, 15.58 and 13.81. Hence, while in YOUNG.G, FIELD and FOREST C/N ratios 
decline with depth, OLD.G has an increasing C/N ratio from the A to the Ay horizon. Still,  the 
anthropogenic affect within the soil profile may be the reason for that deviation (see chapter 2.7.3.). 
In general accordance with Degryze et al. (2004) forests tend to a higher C/N ratio than agricultural 
systems. This is concomitant with YOUNG.G and FIELD while C/N ratios within the Anmoor OLD.G 
are even greater than those from the FOREST. Kirkby et al. (2011) report that SOM-C levels may 
not only be limited by the input of C, but also by the N and S supply. Hence, an approximate 
constancy in the relationships of N and S with C in SOM may occur due to different factors. 
Generally, within the study area all four parcels show very to slightly acid pH-values (see chapter 
3.6.). PH-values are measured with CaCl2  and H2O. Generally, values are higher with de-ionised 
H20 than with CaCl2. Within OLD.G pH-values vary between 5.02 and 5.57 and within YOUNG.G 
between 5.47 and 6.61. FIELD shows pH-values ranging from 4.70 to 5.80. The lowest pH-values 
are found in FOREST, ranging from 2.78 to 3.98. De Vries et al. (2001) describe such low pH-
values  to  be  normal  for  non-calcareous  sandy  soils  in  the  Netherlands.  Still,  these  data  are 
concomitant with the low pH-values in FOREST in the study area. Generally, there is no pattern in 
pH-value in relation with depth. Moreover, such acid soils clearly show a lack of calcium carbonate 
in the study area. According to Bot et al. (2005) acid soils may reduce SOM accumulation since 
biomass production may be poor. Generally, decomposition and biomass production, hence humus 
79/109
formation,  are  affected  by  pH  values.  As  growing  conditions  for  micro-organisms  are  poor, 
biological  oxidation  of  OM may decline.  Further,  the  availability of  plant  nutrients,  and hence, 
indirectly the biomass production, are influenced by soil acidity (cf. Bot et al., 2005).  Actually, pH-
values in FOREST are quite acid, but still, SOM contents are relatively high. However, this fact 
may be explained by the existing equilibrium in the forest and the possibly general higher SOC 
contents within a forest (see chapter 3.7.).  According to Zanella et al. (2011) an Anmoor, hence, 
OLD.G, is classified as low in pH in relation with inter alia medium humification, low mineralization 
and slight accumulation. 
Furthermore, the lack of calcareous parent material may be of importance. Baritz et al.  (2010) 
assume soils on calcareous parent material to have a higher ability to store carbon than soils on 
non-calcareous parent material. As described in chapter 2.4. the studies parcels are situated in the 
Molasse zone in upper Austria. However, the role of parent material may be of importance. Still, 
since other articles about SOC sequestration do not mention the importance of soil parent material, 
it will not further be focused on within this diploma thesis. Nonetheless, results of carbon within the 
study area may be different if parent material contained calcium carbonate.   
Still, the overall carbon content within the study area contributes to approximately 1.591 C ton, 
hence a CO2 sequestration of 5,838.71 ton within a study area of 10.89 ha. If theoretically equal 
circumstances from the study area would represent whole Austria the following assumptions may 
be done.
According to own calculations 1,154 828 499 C tons are currently stored in Austria's grassland, 
field  and forest  area.  These assumptions  account  for  1.4 million  ha cropland,  1.73 million  ha 
grassland and 3.95 million ha forest (cf. Lebensministerium, 2010). If only grassland and cropland 
are estimated to accumulate 0,1 % of carbon annually (cf. Küstermann et al., 2008), an annual 
increase  of  273.620  C  t/a  may  be  assumed.  That  would  contribute  to  1,004  184  t  CO2 
sequestration  annually.  Still,  these  figures  have  to  be  treated  with  caution  since  carbon 
accumulation  is  finite.  However,  since  YOUNG.G  and  FIELD  are  assumed  to  not  be  in  an 
equilibrium at the moment, a carbon sequestration of 0,1 % would account for 224 kg C and 128 kg 
C, respectively for the following years.  If  only YOUNG.G and FIELD are assumed to increase 
carbon the following years still 1.29 t CO2 may be sequestered per 0,1 % carbon increase. Hence, I 
agree with Rosenberg et al. (2001) and Six et al. (2002) that carbon sequestration in the soil may 
and  should  play  an  important  role  until  we  have  developed  new  alternatives  for  energy 
consumption limits and energy efficiency. 
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4.1. Sources of uncertainty
Water contents in an  Anmoor,  that is OLD.G, are generally high. Still,  the high water contents 
correlate with high carbon contents (cf. Suuster et al., 2011). However, within the sieve analysis 
(see chapter 2.10.2.) only the mineral components of a soil are of special interest. Hence, within 
calculations of the sieve analysis carbon is assumed to have vanished from all soil samples and 
the weighed samples are presumed to consist of only mineral components. Since organic material 
is still included, it is also weighed. Hence, interpretation of the mineral soil from the sieve analysis  
may be limited due to overestimations. Generally, the high carbon contents within OLD.G exceed 
the analyzability. Carbon contents ranging above 5 % TOC are crucial to analyse within organic 
chemistry and exceed the capacity of available equipment in the laboratory of the university in 
Vienna. However, before the sedigraph analysis (see chapter 2.10.2.) all samples were mixed with 
hydrogen peroxide in order to vanish carbon. 
81/109
5. Comparison with other studies
Within studies on SOC accumulation the long term sequestration is still a big challenge to calculate 
(e.g. Six et al., 2000, Rosenberg et al., 2001). Generally, the results within studies on a global level 
are consistent with land use changes and their consequences. Hence, a conversion from a forest 
or a pasture to cropland is concomitant with a decrease in SOC (e.g. Martens et al., 2003, Guo et 
al., 2002, Chen et al., 2009). Guo et al. (2002) describe a soil C decline of 42% and 59% after the 
conversion from forest  and pasture to crop,  respectively,  whereas a conversion from forest  to 
pasture and from crop to pasture led to a soil C increase of 8 % and 19 %, respectively. In Degryze 
et al. (2004) general losses of SOC are documented when shifting from natural land use e.g. forest 
to conventional agriculture. Further, Baritz et al. (2010) document that forest soils in Europe store 
approximately 1.5 times more carbon than trees. Degryze et al. (2004) document a wide range of 
carbon accumulation of forest soils, from 0.01 to 0.8 t C ha/year for managed forest land and from 
0.02 to 0.45 t C ha/year after conversion of cropland to forest. According to Baritz et al. (2010) the 
O-layer  in  the forest  responds rapidly to  environmental  changes,  e.g.  tree species change,  or 
atmospheric  pollutants.  Therefore,  forest  soils,  especially  in  managed  forests,  may vary  fairly 
regarding thickness and carbon storage (cf. Baritz et al., 2010). 
 
Occasionally, SOC contents vary between forest and pasture. In Martens et al. (2003) greater SOC 
amounts  are  shown  in  a  forest  than  on  pasture  due  to  the  additional  carbon,  that  can  be 
accumulated in above-ground plant biomass. Moreover, they conclude that the addition of plant 
residues in a forest or a perennial pasture might increase the soil aggregation and, even more, the 
C content. Baritz et al. (2010) describe forests to contribute to clearly higher carbon concentrations 
than agriculture. Carbon stocks and carbon regional carbon concentration increase similarly from 
northern Scandinavian subboreal climatic zone towards southern Sweden and Norway. Baritz et al. 
(2010) hypothesise that an increasing litter input and hence, increasing forest productivity towards 
the south may be a reason for this increase. Furthermore, they find a typical carbon concentration 
between two and five percent for most lowland sites and mid-mountain ranges throughout Europe 
(e.g. Tatra mountains and the Carpathians). Still, Baritz et al. (2010) observe the highest carbon 
concentrations in the Alps, in parts of the Pyrenees and along the western border of the Atlantic 
coast (see Fig. 16.). In the study area TOC concentrations in FOREST vary between 5 and 24 % in 
the upper 20 cm soil. 
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Fig. 16. Map of the carbon concentration in forest soils (0-5/0.10 cm) %
Baritz et al, 2010, p.272
Moreover, Baritz et al. (2010) describe coarse-textured soils to behave differently than fine-textured 
soils. Further, there are differences in the process of carbon accumulation, comparing the O-layer 
and the mineral soil.  
In Martens et al. (2003) a conversion from pasture to forest results in an average C accumulation 
of 98.5 g C m2 year. However, Post et al. (2000) observe C accumulations within forest and pasture 
establishments of 33.8 g C m²year and 33.2 g C m²year, respectively. However, soil C stocks can 
be higher  in  grasslands than in  forests,  when e.g.  grassland involves more recalcitrant  soil  C 
stocks. Guo et al. (2002) declare the high root production by grasses to be the reason of SOC 
accumulation within pastures although it has to be distinguished between ungrazed and grazed or 
cropped pasture. Still,  pasture plants can use their well developed root system to store carbon 
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within new growth in spring or after grazing or mowing (cf. Guo et al., 2002). In fact, that situation 
could apply within the study area. FOREST shows relatively high TOC contents (see chapter 3.7.), 
however, the TOC contents of some samples of OLD.G, being maintained as a meadow for a very 
long  period,  are  higher.  However,  it  must  be  taken  into  account  that  soil  characteristics  vary 
between OLD.G and FOREST. Indeed, in comparison  to Guo et al.  (2002) the forest first  and 
foremost contains conifer trees, being described as generally showing lower TOC contents than 
broadleaf  forests.  Further,  Guo  et  al.  (2002)  investigated  the  importance  of  tree  type  (and 
precipitation) within land use changes from pasture to plantation and forest to plantation. While 
broadleaf trees had little effect on soil C stock, conifer trees reduced soil C by 12 % and 15 %, 
respectively. In areas with higher precipitation than >1500 mm, soil C stock was reduced by 23 % 
after planting plantation on pasture. Moreover, the plantation age has a significant effect on soil C 
stock, that was reduced by 20 % when plantations were younger than 40 years old. Nonetheless, 
after 40 years of plantation the original soil C level was restored. Actually, when forest is cleared for 
pasture, it is obvious that aboveground C in vegetation gets lost, but this does not imply the same 
for soil C. Guo et al. (2002) describe the long term possibility of grassland systems to have nearly 
the same potential  of  C storage than forests.  Indeed,  comparing C contents from OLD.G and 
FOREST, this situation might occur although differences in soil type have to be taken into account. 
Generally, Guo et al (2002) claim forest type and site quality to be the main factors within carbon 
storage. Moreover, Guo et al. (2002) describe a soil C increase by 18 % when crop was turned to 
plantation and a 53 % soil C increase from crop to secondary forest. Hence, the highest C loss 
occurs when changing from pasture to crop. On the contrary, carbon sequestration occurred after a 
conversion from crop to pasture. However, carbon sequestration declined with depth of sampling, 
that indices that the top soil is more active in carbon sequestration after land use change than 
deeper layers. Still,  pasture even showed significant C accumulation at a depth below 100 cm 
(Guo et al., 2002). Observing the results within the plots of the study area, FIELD shows higher 
TOC contents than the grassland YOUNG.G, that is maintained as such since 1978. Still, land use 
history and hence the change of cultivation from YOUNG.G in 1978 and FIELD in only 2005 have 
to be considered. In accordance with Guo et al. (2002) long term restoration of carbon takes at 
least 50 years. Hence, YOUNG.G and FIELD do likely not reside in an equilibrium at the time the 
soil samples were taken.   
Moreover, the plantation age has a significant effect on soil C stock, that was reduced by 20 % 
when plantations were younger than 40 years (Guo et al.,  2002, p.349). Nonetheless, after 40 
years of  plantation the original  soil  C level  was restored.  Even more,  after  a conversion from 
pasture to crop the new carbon equilibrium could only be reached after 50 years (cf. Guo et al.,  
2002). This indicates further the importance of the knowledge of the land use history (see chapter 
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1.8.). In general, Degryze et al. (2004) suggest an observation period of up to 40 years to be able 
to describe SOC increase within afforested systems. This is due to fact, that within the first ten 
years SOC might decrease while the C accumulation slowly increases over the next 50 years. 
Between 50 and 100 years after afforesting the C accumulation even slows severely according to 
Degryze et al. (2004). Within the upper 100 cm losses contribute to 30 % of original C amount (cf. 
Post et al., 2000).
In the study of Post et al. (2000) an average SOC accumulation of 33.8 g C m²year is calculated 
whereat  an  increase  tendency  of  SOC accumulation  is  shown  from  temperate  to  subtropical 
regions. Even more, they illustrate SOC accumulation rates to be lower in arid regions. In general, 
the loss of SOC from a native vegetation to an agricultural is precisely documented (cf. Post et al.,  
2000)  while the opposite,  a cropped land conversion to pasture or  forest,  is  rarely known (cf.  
Martens et al.,  2003). Still,  the surface horizons of a forest and a pasture contain significantly 
greater amounts of C and N as cropped soils do (cf. Martens et al., 2003). However, in relation to 
the study area, land use history and long term effects, i.e. whether the study area is currently 
determined in an equilibrium, have to be considered. The long restoration time of up to 50 years of 
SOM storage needs to be taken into account when describing carbon contents. In a temperate 
forest, e.g. carbon stocks initially decrease, after 10 years they increase slightly, then decrease 
and increase again at the age of about 30 years. Still, the highest C stocks were always found in 
the oldest stand age class (Gleixner et al., 2009, p.240). Hence, the relative high TOC contents of 
FIELD (see chapter  3.7.)  are still  due to former  cultivation  of  the field  as a meadow.  On the 
contrary, the low C contents of YOUNG.G may infer the tillage management before 1978. Degryze 
et al. (2004) report that globally forests contain about 20 % of all soil C, accounting for an average 
of 120 t C/ha in a forest soil in comparison to a mean ecosystem soil, contributing to 79 t C/ha.  
However, Gleixner et al. (2009) describe an old-growth forest as close to carbon neutral, that is 
neither storing nor losing carbon. Moreover, the chemical composition of litter changes with the age 
of the forest. While litter in young stands may contain up to 80 % cellulose, lignin increases in old-
growth forests to 40 %. Even more, litter in old-growth forests consists of a higher content of twigs 
and reproductive structures. Hence, litter input may double from 200 to 400 g m² from a 20-year-
old stand to an old-growth forest (Gleixner et al., 2009, p. 235). Moreover, the higher amount of 
input litter may be less degradable in old-growth forests that in turn can lead to more soil carbon 
storage (cf. Gleixner et al.,  2009). Actually, temperate deciduous and tropical evergreen forests 
accumulate soil  carbon continuously until  the highest age-class (>190 or 200 years). However, 
conifer-dominated boreal and temperate forests also have the potential to accumulate C until old 
age, but carbon is stored in thick organic soil layers that are not protected against disturbances 
and might lead to nutrient lock-up and ecosystem retrogression (cf. Gleixner et al., 2009). 
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Generally, loss of C within agricultural soils results from a limited input of organic matter, increased 
decomposability of crop residues and tillage effects. Hence, land-use changes can cause rapid 
declines in SOC (cf. Post et al., 2000). Within the upper 20 cm C losses of up to 50 % have been 
observed  after  cultivation  for  30  to  50  years  (Post  et  al.,  2000,  p.  3).  However,  carbon 
sequestration declined with depth of sampling, that indices that the top soil is more active in carbon 
sequestration after land use change than deeper layers. Still, pasture even showed significant C 
accumulation at a depth below 100 cm (cf. Guo et al., 2002). Observing the results within the plots 
of  the  study area,  FIELD shows  higher  TOC contents  than  the  grassland  YOUNG.G,  that  is 
maintained as such since 1978. Within the upper 100 cm losses contribute to 30 % of original C 
amount (cf. Post et al., 2000). Occasionally, the first 7 cm of the soil are of high importance in SOC 
sequestration. Degryze et al. (2004) experienced a C loss of 60 % between 0 – 7 cm depth when 
comparing cultivated land with forest but described no significant difference of C concentration at a 
depth of 25 – 50 cm. Hence, Degryze et al. (2004) describe a severe decrease of C sequestration 
potential with increasing depth. This is concomitant with Guo et  al.'s  (2002) study, describing the 
influence of sampling depth. Hence, in their study land use change from forest to crop reduced soil  
C stock by 50 % in the upper 60 cm but did not change below 60 cm. Even more, Rasool et al. 
(2008) describe a SOC increase after organic and inorganic fertilizer in a 60 cm profile. However, 
SOC decreased significantly with soil depth. Guo et al. (2002) describe precipitation and age after 
conversion as relevant factors when changing from pasture to crop while in the reverse land use 
change only soil sampling depth is significant. In general, Guo et al. (2002) state from the above 
mentioned factors mean annual precipitation to have the greatest influence on SOM. Higher rainfall 
leads to moister  soil  for  decomposition and is  associated with a larger SOC pool and greater 
leaching of C to deeper profiles. Pasture to crop always induces soil C loss, up to 78 % in areas 
with 400 – 500 mm precipitation. In Gleixner et al. (2009) the influence of precipitation on dissolved 
or  particulate  carbon  is  analysed.  As  a  result,  dissolved  losses  of  carbon  within  forested 
ecosystems can be neglected. However, the greatest losses of carbon were found underneath the 
Oa horizon (humus horizon), thus it can be assumed that decomposition of leaf and root litter is the 
main source of dissolved carbon losses (cf. Gleixner et al., 2009). Moreover, within a change from 
pasture  to  crop  the  peak  of  soil  C  loss  occurred  30  –  50 years  after  conversion  but  slightly 
recovered after that. When crop was turned to pasture, soil C increased in the upper soil but got 
less with greater sampling depth (cf. Post et al., 2000).
In Degryze et al. (2004) general losses of SOC are documented when shifting from natural land 
use e.g.  forest  to  conventional  agriculture.  Hence,  the difference in  C content  within forest  to 
agriculture shows the SOC sequestration potential. Further, Post et al. (2000) conclude that the 
relatively rapid SOC changes may have the potential  for a reverse effect when changing from 
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cultivation to SOC accumulation management. Degryze et al. (2004) show a greater potential of C 
accumulation within the mineral-associated OM fraction  in high-clay systems, e.g. successional 
and afforested systems, than in low clay such as native forest soils. However, the rate of SOC 
storage might be higher within LF-OC than HF-OC. Furthermore, the high LF-OC accumulation 
over a short  period of  time,  years or  decades,  is crucial  for  the current  soil  sustainability and 
carbon management issues (Post et al.,2000, p.3). Six et al. (2002) describe LF and POM as the 
labile  SOM  pool,  being  easily  effected  by  land  use  management  and  therefore,  especially 
influenced by land use history. Rasool et al. (2008), however, observed a SOC increase within 
organic and inorganic manure on a maize-wheat system. While SOC content in the upper 60 cm 
soil was 15 % higher with farmyard manure at the harvest of maize crop, application with N100P50K50 
showed a 21 % increase, in comparison to control plots. The SOC increase after inorganic fertilizer 
is assumed to be due to higher root biomass accumulated over the years (Rasool et al., 2008, 
p.33). However,  water capacity is assumed to increase in the surface layers due farmyard manure, 
whereas  in  the  subsurface  layers  the  increase  may  be  due  to  increased  root  biomass  with 
farmyard manure or inorganic fertilizers (cf. Rasool et al., 2008). Occasionally, SOC contents vary 
between forest and pasture. In Martens et al. (2003) greater SOC amounts are shown in a forest  
than on pasture due to the additional C, that can be accumulated in above-ground plant biomass. 
Moreover, they conclude that the addition of plant residues in a forest or a perennial pasture might 
increase the soil aggregation and, even more, the C content. While the results of Martens et al. 
(2003) of the top 33 cm in a forest show a 29 % and 46 % greater C content than in pasture and 
cropland, respectively, the N content was 19 % and 42 % greater than in pasture and cropped 
soils, respectively. On the contrary, this trend is not visible within cropland, showing the significant 
correlation between SOC and soil aggregate stability and tillage-based cropping systems. Further, 
concerning AAs and ASs the same correlation is identified in Martens et al. (2003). While a strong 
relationship was found between AAs and ASs and N within forest and pastures soils, it could not be 
distinguished on a cropland.  As a  matter  of  fact,  tillage is  assumed to be responsible for  the 
negated contribution of plant residue C to SOC (cf. Martens et al., 2003). In contrast, in Post et al. 
(2000) a land use change from a grassland to an ungrazed woodland caused a SOC decrease. 
They explain this decrease as a matter of fact, that within certain environments woody plants might 
be less effective in storing carbon. Further, Guo et al. (2002) verify Post et al.'s (2000) study and 
describe tree roots to be a less important source of SOM than grass roots due to the fact the tree 
roots can live for many years and the annual turnover of OM from dying tree roots is smaller than 
from  grass  roots.  On  the  contrary,  soil  disturbance  within  e.g.  cropped  land  infers  a  C  loss, 
concluding that  soil  aggregate  stability  is  higher  within  forests  and pastures  than in  cropland. 
Generally, soil carbon is enriched relative to root biomass with soil depth (Gleixner at al., 2009, p. 
232). Still, 40 % of organic carbon is stored in the upper 20 cm of soil while 60 % of the root 
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biomass is found in this layer. Moreover, below 40 cm still 36 % of soil carbon is found while only 
14 % of root biomass occurs below this depth, both decreasing logarithmically (cf. Gleixner et al.,  
2009). Indeed, within the upper 20 cm of soil the decomposition of biomass applies more control 
on carbon storage than below the depth of 20 cm (cf.  Gleixner,  et  al.,  2009). Further,  a trend 
between  C  content  and  soil  aggregate  stability  is  found  in  Martens  et  al.  (2003)  in  a  highly 
aggregated forest and pasture. Indeed, they conclude that a majority of organic C within the upper 
30 cm in undisturbed soils derives from plant residues in various stages of decomposition and 
increases soil  aggregate stability.  In contrary, tillage systems do have negative impacts on soil 
aggregate stability and hence, soil  organic carbon. Further,  they claim that the C content is in 
strong correlation with the N content and cannot increase as N does not either. In Martens et al.  
(2003) a conversion from pasture to forest results in an average C accumulation of 98.5 g C m2 
year. 
Further, a land-use conversion from cropped land to pasture showed an approximate gain of 61.5 g 
C m2year. However, Post et al. (2000) observe similar C accumulations within forest and pasture 
soils, 33.8 g C m²year and 33.2 g C m²year, respectively. Within a conversion from cropland to 
grassland an SOC accumulation rate of even 110.0 g C m²year was cited in the surface 300 cm by 
Post et al. (2000). Still, it is assumed that that these rates will decline with time (cf. Post et all,  
2000). Martens et al. (2003) conclude that the C sequestration in forests and permanent pastures 
can contribute to fighting atmospheric CO2 and climate change. Even more, Degryze et al. (2004) 
conclude that an average accumulation of 0.3 – 0.5 C t/ha/year in the upper 7 cm of an afforested 
system match significantly with other studies. Furthermore, they report a significant C accumulation 
in afforested and successional systems. Chen et al. (2009) report carbon sequestration rates after 
a land use change from cropland to grassland ranging from 0.11 to 3.04 Mg C ha/year with a mean 
of 0.54 Mg C ha/year. According to Chen et al. (2009) an average C sequestration of 1,2 to 1,7 Mg 
C ha/year was estimated after conversion from cropland to grassland within Europe (EU15). Post 
et al. (2000), however, declare that there is still a lack of understanding SOC dynamics due to 
missing long term studies of land conversion from cultivation with known management history (see 
chapter 1.8.) to perennial vegetation. Moreover, differences in temperature and precipitation may 
be one of the key factors, being responsible for differing C sequestration results among different 
studies  (cf.  Chen  et  al.,  2009).  Although  there  is  also  not  enough  data  available  for  SOC 
accumulation  over  a  large  region,  a  precise  information  of  the  magnitude  of  soil  carbon 
sequestration is available. According to Post et al. (2000) this data can be used to investigate soil 
C fluxes in the global carbon cycle.  Moreover Post et al.  (2000) document a CO2 uptake and 
carbon storage in vegetation and soil in the Northern Hemisphere at a rate of one to two Pg C/year 
over the past decades. However, in case one to two Pg C/year are accumulated in aggrading 
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forests than in fact, nearly all of the C would be increases in biomass and surface litter, and not 
actual SOC (Post et al., 2000, p. 6). Baritz et al. (2010) document a trend in increase of carbon 
between northern Europe and the temperate-oceanic-suboceanic climate zone in inter alia Podzols 
and  a  slight  increase  in  cambisols.  Still,  carbon  content  in  the  O-Layer  is  lowest  in  the 
Mediterranean plots within the evaluations of a continent-wide soil database. Additionally, within 
that soil database Baritz et al. (2010) aimed to estimate a baseline of soil carbon concentrations 
and stocks. Further, Baritz et al. (2010) establish a harmonised assessment of the carbon content 
of forest soils in Europe with data from the EU/ICP Forests level I inventory50.  Estimates from 
Baritz et al. (2010) range from 1.3 to 70.8 t C/ha for the O-layer, and from 11.3 to 126.3 t C/ha for  
the mineral soil, generally 0-20 cm. For the top mineral soil carbon stocks of Cambisols showed 
very little response to climatic zones. In general, Baritz et al. (2010) found the highest mineral soil  
carbon  stocks  for  soils  except  Luvisols  in  the  mountainous  climatic  zone.  Climatic  zones  are 
defined  as  a  combination  of  so-called  climate  zones  (e.g.  subpolar,  boreal,  temperate,  cool-
temperate,  Mediterranean)  and  climatic  types  (e.g.  oceanic,  suboceanic,  subcontinental, 
continental).  In  Baritz et  al.  (2010) the climate areas were aggregated to seven main climatic 
zones. Further, mineral soils show a clearer relationship with climate than the O-layer, especially 
nutrient-poor coarse-textured soils. In Baritz et al.'s (2010) study very high SOC amounts are found 
in the mountainous areas of the Alps and southern Europe, where unfavourable decomposition 
conditions may lead to an increase of carbon in the mineral soil. Degryze et al. (2004) conclude 
that  generally  agricultural  lands  have  a  greater  potential  of  SOC sequestration  than  adjacent 
uncultivated  sites  would  comparatively  indicate.  Moreover,  in  Rosenberg  et  al.  (2001)  SOC 
sequestration of 40 to 80 Pg C in cropland is estimated  for a period over 50 to 100 years. They 
claim that  these data are crude but  still  show a potential  to offset  significant  amounts of  CO2 
emissions.  
Six  et  al.  (2002)  reckon with  a  finite  capacity  in  SOM sequestration  in  terms of  long term C 
dynamics. Furthermore, they address the need of critical observation of C sink capacity,  since 
native  soils  might  not  be an appropriate  measure.  This  results  from an Australian  study e.g., 
showing a pasture with a 150 % C increase in comparison to the native area. However, soil carbon 
storage has a potential to sequester CO2 although it is finite and may be exhausted after a period 
of  time  (cf.  Rosenberg  et  al.,  2001).  Hence,  until  alternatives  for  fossil  fuels  are  found  and 
renewable energy is used on a greater basis, SOC sequestration may have a great impact when 
sequestering CO2. 
50 http://www.eea.europa.eu/data-and-maps/figures/classification-of-the-icp-forests-level-1-plots-with-respect-to-main-categories-of-  
the-european-forest-types and http://www.icp-forests.org/pdf/folder.pdf 
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Soil bulk density 
BD  is  influenced  by  physical  processes  (e.g.  swelling,  shrinking  or  freezing),  by  biological 
processes, that is inter alia digging soil fauna and by chemical factors (e.g. TOC in the soil) (cf.  
Gleixner et al., 2009). Via porosity soil bulk density closely associates with the root capability of a 
soil (cf. Gisi, 1997). In Suuster et al. (2011) SOC and texture mainly characterise the systematic 
variation of BD within arable soils.  Furthermore, soil  chemical properties are assumed to have 
great impact on the determination of BD. Within models, Suuster et al (2011) describe sampling 
depth,  SOC and water  content  to have the greatest  effect  on BD.  While water  content  has a 
decreasing effect on BD, this effect in turn depends on soil type. In general, with sampling depth 
effects  of  SOC, physical  clay (particles smaller  than 0.01 mm) and water  content  significantly 
influence bulk density (cf. Suuster et al., 2011).  Baritz et al. (2010) strengthen the importance of 
accurate BD estimation. Hence, overestimations within BD are concomitant with overestimations of 
SOC (cf. Baritz et al., 2010, Lee et al., 2009). Further, after conventional tillage BD may decrease 
by 10 % or more within a variety of soil types (cf. Lee et al., 2009). Blanco-Canqui et al. (2007) 
found a a decrease of BD after increasing the rate of mulch application. However, Suuster et al. 
(2011, p.76) excluded all BD values below 0.8 g/cm³ and above 2.0 g/cm³ with the explanation that 
these values represent unreliable data for the A-horizon in mineral soils. Still, in this study, values 
below 0.8 g cm³ and above 2.0 g cm³ are not excluded. While Suuster et al. (2011) calculate with 
oven-dry soil bulk density, the equation according to Post et al. (2000) requires OM data. Water 
content of OM data within this study is cited separately (see Tab. 12). In accordance with Suuster 
et al. (2011) and Chen et al. (2009) soil bulk density increases with sampling depth within this 
study (see Tab. 7). On the contrary, water content has a significant decreasing effect on SBD (cf. 
Suuster et al., 2011). In summary, Suuster et al. (2011) advise to evaluate each horizon separately 
in order to be able to estimate soil bulk density of arable soils accurately. Håkansson et al. (2000) 
concentrate  on  the  prediction  of  soil  quality  and  demonstrate  a  parameter  that  originally 
characterised the conditions in soil  layers that  are annually disturbed by tillage.  The so called 
degree of compactness is defined as the “dry bulk density of a soil layer in percent of a reference 
dry bulk density of the same soil obtained by a standardized, long-term uniaxial compression test 
at a stress of 200 kPa” (Håkansson et al., 2011, p. 72). In general, this parameter was introduced 
to simplify compaction studies and lead to more generally applicable studies when characterising 
the  state  of  compactness  of  a  tilled  soil  layer.  Furthermore,  understanding  of  soil  and  crop 
responses to field traffic among farmers should be enhanced (cf. Håkansson et al., 2011). Lee et 
al. (2009) describe that soil mass changes have to be taken into account in measurements in order 
to guarantee accurate BD contents. In accordance with Gleixner et al. (2009) they claim that soil C 
concentration data is therefore more reliable when describing soil C changes than using soil C 
stock estimates based on fixed depths methods. 
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6. Evaluation  of  carbon  sequestration  and  CO2 
capturing in study area
OLD.G as the only  Anmoor in the study area, showing relative high carbon contents, represents 
OM concentrations between 9.06 % and 65.82 %. Still, an Anmoor is characterised with typically 
high  OM  concentrations  between  10  and  30  % (cf.  Österreichische  Bodensystematik,  2000). 
Hence, OM concentration and content of OLD.G are still high and as explained in chapter 2.7., 
deeper soil may have been mixed with upper soil. Hence, the general OM concentration within the 
upper soil is very likely within the 30 %. Further, it can be assumed that OLD.G is in an equilibrium 
and therefore, the carbon uptake and hence, CO2  capturing, is slow. If a current C accumulation 
rate of 110.0 g C m²year (1.1 t/ha/year) within 300 cm soil depth (cf. Post et al., 2000) is assumed, 
a C accumulation of approximately 2,2 C kg/m²/year (22 C t/ha/year) over the next 20 years or 5,5 
C kg/m²/year (55 C t/ha/year) over the next 50 years could be achieved in OLD.G. Further, 55 C 
t/ha can capture approximately 202.34 tons CO2./ha (20,22 CO2 kg/m²). Still,  Post et al. (2000) 
refer  to  a  permanent  grassland in  the  US Central  Plains.  Hence,  accumulation  rates  may be 
different due to different climatic and soil conditions. However, Baritz et al. (2010) estimate the 
same amount of carbon increase, 110.0 g C m²year, in forest soils in western Europe. Further, they 
document that forest soils in Europe store approximately 1.5 times more carbon than trees. Hence, 
assuming similar climatic and soil conditions as explained in Baritz et al. (2010) FOREST (0,63 ha) 
may accumulate 693 kg C per year. 
Cambisols within the study area show very different characteristics. As discussed in  chapter 4. 
YOUNG.G shows surprisingly low carbon contents, although it is maintained as a meadow since 
1978 and furthermore, consists of 45.62 % silt and 22.81 % clay on average. Soil bulk density 
varies at 1.27 g/cm³. In the topsoil of YOUNG.G carbon contents vary between 5.84 C kg/m² and 
9.86 C kg/m², that is 100.76 OM t/ha to 169.61 OM t/ha, respectively. Still, with an average TOC 
content of circa 7.48 C kg/m² YOUNG.G would currently capture approximately 27.5 CO2 kg/m². 
Within the whole parcel of YOUNG.G 224.36 tons CO2  are sequestered. Since after 33 years of 
pasture management such low carbon contents exists,  it  may be assumed that YOUNG.G will 
contribute to slow and presumingly not too great amounts in future SOC accumulation. Still, it has 
to be taken into account that SOC sequestration is a long term process and hence, it may take 
decades until a new equilibrium is found. Even more, after a conversion from pasture to crop the 
new carbon equilibrium could only be reached after 50 years (Guo et al., 2002). FIELD, however, 
shows relative high carbon contents, that still derive from the time before 2005, when FIELD was 
maintained as a meadow. After six years of cultivation as a field, TOC contents account for 3.73 C 
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kg/m² up to 6.70 C kg/m². Still, it has to be assumed that the current C contents may decline after 
several years of field cultivation, including tillage and ploughing. Currently, an average of 37.32 
CO2 kg/m² are captured in the soil of FIELD, that is 127.89 tons CO2 for the whole parcel.   
FOREST shows a typically high mean TOC stock of 17.7 C kg/m², capturing approximately 64.9 
CO2  kg/m²,  hence 111.49 CO2 t/ha within an area of  0.63 ha.  Actually,  FOREST is  very likely 
currently  in  its  equilibrium and  therefore,  the  current  TOC content  may only  increase  slowly. 
According to Degryze et al. (2004) C accumulation declines severely between 50 and 100 years 
after afforesting. Gleixner et al. (2009) also found a rather low rate of carbon accumulation in an 
early old-growth stand (201-400 years) when a chronosequence approach was calculated. Except 
temperate coniferous forests accumulation rates of 2 g C m²/year, 3 g C m²/year and 6 g C m²/year 
were found in boreal coniferous, temperate broadleaved and tropical forests, respectively.  Still, 
while the actual land use management before 1937 is not definitely known, it is assumed that it  
was  managed  similar  as  a  selection  forest.  Hence,  assumptions  of  carbon  accumulation  in 
FOREST may vary due to different studies in different climatic zones. Even more, FOREST is not 
assumed to have been cleared and afforested before 1937. Thus, after afforesting an average C 
accumulation of  33.8 g C m²/year were found in Post et al. (2000) whereat Degryze et al. (2004) 
recommend up to 40 years after afforestation to be necessary until subsurface soil C stocks may 
increase. 
Overall, the four parcels of the study area contribute to an area of 10.89 ha (see Tab. 16). Within  
the total study area 1,590.93 tons C are sequestered in the upper soil,  inferring a current CO2 
capture of 5,838.71 tons. Actually, a 0.1 % increase of carbon in the study area would account for 
1.59 ton (Mg) C, that would contribute to 31.81 C t (Mg) within the next 20 years. Hence, in terms 
of CO2  sequestration the study area may contribute to 5.83 ton CO2 annually and hence, 116.68 
ton CO2 within the next 20 years. 
In  recent  times carbon capture and sequestration (CCS) became a term of  special  interest  in 
context with tackling climate change. Actually,  the underground sequestration of CO2 emissions 
from industry is assumed to meet the technical challenge. CO2 can be stored in empty oilfields and 
natural  gas fields as well  as saline aquiferes.51 However,  it  cannot  be guaranteed that  CO2  is 
sequestered in the underground for eternity in order to fulfil the requirements. Even more, the issue 
of high costs and eventually occurring problems is still unexplained. While CCS is approved within 
the EU since 2009, several states (e.g. Germany, the US and Norway) are already experimenting 
CO2 sequestration52. In fact, in Austria CCS was expected to contribute to two to five million tons 
51 http://www.greenpeace.at/ccs.html   
52 http://www.wirtschaftsblatt.at/home/schwerpunkt/dossiers/klimaschutz/ccs-kohlenstoffbunker-als-raststationen-in-die-energiezukunft-  
312104/index.do 
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CO2 sequestration annually by overall CO2 emissions of 85 million tons per year53. In comparison to 
CCS, the potential of CO2 sequestration by humus accumulation in Austria's fields and grasslands 
may contribute up to a half of CCS irrespective the above mentioned advantages. Moreover, if a 
0.1  %  C  increase  per  year  is  assumed  on  Austria's  forest,  pasture  and  cropland,  a  CO2 
sequestration of 3.93 million ton would be achievable per year. Hence, SOC sequestration in soils 
may  be  even  more  efficient  than  CCS.  Undoubtedly,  it  is  more  secure  and  in  case  SOC 
accumulation appears to be slow, there is still the soil quality, that improves. Still, in May 2011 CCS 
turned  to  be  forbidden  in  Austria.  That  is  even  more  a  good  reason  to  focus  on  carbon 
sequestration in agricultural systems in order to capture CO2  emissions. Actually, the total area of 
arable land in Austria contributes to approximately 1.39 million hectares and permanent grassland 
accounts for 1.73 million hectares54. Total area of forested land accounts for 3.95 million hectares55. 
Hence, if it is assumed that on the total arable land and grassland of Austria 0.1 % increase of C is  
possible,  that would lead to a C accumulation of ca. 273.620 tons, hence a CO2 equivalent of 
approximately one million ton. Even more, if 0.1 % C increase are assumed for pasture, cropland 
and forest, a C accumulation of 1.07 million ton may be expected. That would contribute to a CO2 
equivalent of 3.93 million ton.  Furthermore, according to Lal (2004) pasture improvement (e.g. 
controlled grazing or sowing legumes and grasses) may lead to an improved C sequestration of 
0.11 – 3.03 Mg ha/year. Actually, for Austria's permanent grassland a C accumulation of 1.9 million 
ton may be expected in ten years within the most conservative calculation of 0.11 C Mg/ha/year. 
Still, in CO2 equivalent approximately 7 million tons  may be captured in 10 years due to improved 
pasture management. 
53 http://www.wirtschaftsblatt.at/home/schwerpunkt/dossiers/klimaschutz/ccs-kohlenstoffbunker-als-raststationen-in-die-energiezukunft-  
312104/index.do 
54   http://www.statistik.at/web_de/statistiken/land_und_forstwirtschaft/agrarstruktur_flaechen_ertraege/bodenn    utzung/index.html 
55 http://umwelt.lebensministerium.at/article/articleview/62747/1/13970   
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7. Conclusions and Recommendations 
The global potential of SOC sequestration is estimated to be 30 – 60 Pg C at the rate of about 0.9 
±0.3 Pg C/year over the next 50 years (cf. Lal, 2004). On the contrary, CO2 concentration in the 
atmosphere will rise at a rate of 2.0 – 2.6 Pg C/year, even with SOC sequestration (Lal, 2004, 
p.18). Generally,  in moist and cool climates light-textured and well drained soils can sequester 
more SOC than clayey or poorly drained or low-activity clay soils in arid and warm climates (Lal, 
2004, p.15). With a global SOC sequestration of 0.9 ±0.3 Pg C/year one-fourth to one-third of the 
annual CO2 increase of 3.3 Pg C/year may be offset (Lal, 2004, p.1). Hence, in my opinion there is 
no doubt whether to take direct measurements to start with SOC sequestration or not. While up to 
one-third of annual CO2 increase may be counterbalanced with carbon sequestration, the other two 
thirds  need  to  be  reduced  through  inter  alia  change  to  renewable  energy  and  more  energy 
efficiency.  Even more,  besides the potential  of  CO2  capturing SOC sequestration improves soil 
quality generally. Therefore, even if SOC accumulation may be poor in some climatic zones, it is 
worth being enforced. At least, soil quality improves through e.g. conversion to permanent pasture 
or afforested land. Leu (2006, p. 11) further describes increasing soil fertility, suppressing diseases, 
increasing water retention,  improving drainage,  aeration and increasing crop yields as positive 
effects of increasing soil organic carbon.     
In order to combat climate change, decomposition of vegetation and mineralization/oxidation of 
humus or SOC have to be observed critically. Even more, SOC depletion may be reversed and 
contribute to mitigate global change. As described in chapter 1.4.5. aggregate stability and clay 
content are strongly connected with SOM protection. Chen et al. (2009) found the highest SOC 
contents within the top 20 cm in the area with the highest clay content. Moreover, according to 
Martens  et  al.  (2003)  accompanying  plant  residues  in  forest  and  pasture  may  increase  soil 
aggregation and, collaterally, soil carbon content.
Certainly, SOC sequestration can infer quite severe costs when taking pesticides and nitrogenous 
fertilizers into account. However, it is described in several studies (e.g. Lal, 2004) that the use of 
fertilizers and other management options (see chapter 1.5.3.9) have a positive impact on SOC 
sequestration.  Still,  organic  farming  is  assumed  to  have  a  more  positive  impact  on  SOC 
sequestration in several studies (e.g. Küstermann et al., 2008,) than conventional farming. Despite 
the fact that SOC sequestration is finite (cf. Six et al., 2002) it is considered to be the most cost-
effective  strategy  at  the  beginning  of  21st century  (Lal,  2004,  p.16).  A  coordinated  SOC 
sequestration programme on a global  basis  can be recommended. Such a programme has to 
include restoration of degraded soils and certain land use changes with special management (see 
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chapter 1.5.3.). Further, the author of the study recommends a cooperation of different sectors, 
hence a team work of scientists,  international environmental organisations and agricultural and 
forestry sector to work together in the climate change debate.  
In summary, the significance of the knowledge of land use history within SOC sequestration can be 
demonstrated  clearly  within  the  study  area.  Since  the  TOC  content  is  low  in  the  YOUNG.G 
meadow, the C deprivation of the former cropland is still  visible. Land use management within 
YOUNG.G changed in 1978 from cropland with fruit  rotation to meadow.  The negative humus 
balance before 1978 is still  clearly visible, and hence, 33 years may be too short  for a soil  to 
recover SOM storage. Hence, when calculating soil carbon accumulation potential, land use history 
has to be known properly in order to be able to discuss whether a soil is currently in its equilibrium 
or not.  Further,  the results of high TOC contents in a meadow like OLD.G are consistent with 
Österreichische Bodensystematik, 2000. Within the study area, OLD.G showed the highest TOC 
results. With regards to the long history of meadow management in OLD.G, typical high OM values 
in an Anmoor can be verified. As stated in chapter 1.8., knowledge of soil type is essential when 
discussing  soil  organic  carbon  contents.  Moreover,  FOREST  indicates  high  TOC  contents. 
However, if instead of conifer trees a deciduous forest would be dominating, FOREST may have 
even higher TOC contents. 
Generally, forest, pasture and agroecosystems have the capacity to store carbon in the soil. While 
forests  tend  to  higher  carbon  stocks  generally  (see  chapter  1.2.),  the  potential  of  carbon 
sequestration  in  agroecosystems  have  to  be  observed  critically.  First  and  foremost,  reducing 
ploughing and reversing tillage to no-tillage may have a great impact on soil quality and hence, soil 
SOC (e.g. Chen et al., 2009). Blanco-Canqui et al. (2007) e.g. demonstrate significant increases in 
SOC pools in the upper 10 cm of soil when straw mulching in no-till soils was performed. On the 
contrary, in Schulz et al. (2008) humus did not increase after a 10-year study of reduced tillage in 
Germany.  However,  in  Rasool  et  al.  (2008) organic  and inorganic  manures on a maize-wheat 
system are studied with the result of an increase in OM. Still, according to Rasool et al. (2008) 
long-term studies of inorganic and organic manure are lacking. Hence, there is not sufficient data 
of  soil  physical  properties in  relation to manure and further observations are needed.  Overall, 
adequate land management, organic farming and land use conversions from cropland to pasture or 
forest may increase SOC contents. Since cropland is essential for providing food, it is necessary to 
manage fields with careful  treatment in order to keep SOC loss as low as possible.  The CRP 
(Conservation Reserve Program), as stated by Lal (2004, p. 12) has been “effective in reducing the 
sediment load and enhancing the SOC pool”. The rate of SOC sequestration may be 600–1000 kg 
C/ha/year under CRPs (Lal, 2004, p. 12). 
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As Lal (2004) and Rosenberg et al. (2001) state, SOC sequestration is of great importance at the 
beginning  of  the  21st century.  Significant  SOC sequestration  can  be  described  as  an  interim 
solution until new technologies and alternatives for the energy demands and saving are developed. 
Actually, carbon uptake from the atmosphere through SOC sequestration and vice versa, carbon 
release to the atmosphere, may have a severe impact when combating climate change in the first 
half of the 21st century. At least, as Lal (2004, p.18) states, SOC sequestration may be an important 
bridge to the future. I certainly agree with Lal (2004) and Rosenberg et al. (2001) and recommend 
not to discuss whether a measurement contributes a lot to combating climate change or not – I 
suggest to take every plausible measure in order to fight climate change.  
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9. Appendices
9.1. Water content 
Results of soil samples of soil profiles
Tab. 17. Water content of soil profiles
9.2. Korngrößendreieck 
Soil types are defined by Korngrößendreieck according to ÖNORM L1061:
Fig. 17 Korngrößendreieck ÖNORM L1061
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soil sample
OLD.G A, Ay 52,06
OLD.G Aa, Gr 66,43
YOUNG.G A 43,69
YOUNG.G Bv1 25,30
YOUNG.G Bv2 25,16
FIELD MOOS 10,38
FOREST 20,18
water 
content in 
% dry mass
9.3. Soil distribution of fine soil
Tab. 18.  Soil distribution of fine soil 
104/109
Soil sample 
OLD.G 1 16,29 7,90 17,52 13,70 44,59
OLD.G 2 26,62 14,58 19,47 11,32 27,37
OLD.G 3 79,52 1,46 3,15 5,56 10,02
OLD.G 4 73,16 3,54 8,56 3,68 11,43
OLD.G 5 75,20 3,01 5,76 3,60 12,32
OLD.G 6 70,15 2,24 4,64 5,10 17,50
OLD.G 7 63,06 4,32 8,35 6,44 17,62
OLD.G 8 28,24 10,74 16,86 12,80 31,31
OLD.G 9 11,50 13,45 21,09 15,37 37,52
OLD.G 10 47,74 6,20 12,89 9,81 23,15
YOUNG.G 1 25,42 19,37 20,21 10,47 24,14
YOUNG.G 2 58,81 9,80 11,67 6,06 13,57
YOUNG.G 3 40,85 14,06 15,97 8,74 19,74
YOUNG.G 4 33,23 17,19 18,56 8,81 22,93
YOUNG.G 5 30,20 17,01 19,59 9,80 22,68
YOUNG.G 6 29,35 15,87 18,79 10,55 24,30
YOUNG.G 7 18,24 20,79 23,06 11,80 25,86
YOUNG.G 8 13,91 22,78 23,87 11,48 27,52
YOUNG.G 9 28,94 16,23 18,74 10,54 24,78
YOUNG.G 10 32,64 17,15 18,12 9,14 22,61
FOREST 1 27,60 16,72 17,67 9,15 28,48
FOREST 2 38,72 14,24 15,83 8,11 22,39
FOREST 3 10,97 23,27 23,74 10,83 31,49
FOREST 4 38,45 15,20 16,43 7,16 21,60
FOREST 5 56,97 10,87 11,65 5,97 14,04
FOREST 6 24,85 17,96 20,04 10,60 25,60
FOREST 7 33,33 15,45 17,58 9,89 23,25
FOREST 8 28,97 14,58 19,11 10,16 24,69
FOREST 9 66,08 8,52 9,10 4,71 11,61
FOREST 10 45,22 13,35 14,74 7,43 18,39
FIELD 1 26,31 18,24 19,11 9,78 26,01
FIELD 2 52,82 10,96 11,95 6,15 17,54
FIELD 3 34,13 15,06 16,07 8,32 25,91
FIELD 4 56,07 10,46 10,97 5,78 16,78
FIELD 5 34,62 15,19 16,56 8,74 24,34
FIELD 6 34,14 15,26 17,01 8,72 24,06
FIELD 7 72,40 6,73 7,13 3,61 9,95
FIELD 8 16,40 20,62 21,87 10,25 30,29
FIELD 9 63,00 9,25 9,87 4,50 13,08
FIELD 10 42,11 15,13 15,69 6,79 20,55
Total sand 
%
Percentage 
63 – 20 µm
Percentage 
20 – 6,3 µm
Percentage 
6,3 – 2 µm
Percentage 
<2µm
9.4. Test for normality 
for YOUNG.G, FIELD, OLD.G, FOREST, respectively:
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